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SHOULD have been 


at a Loſs to approach 
your Lordſhip with this 
Dedication, if I bad not 
firſt bad the Honour immediately to 
Serve your Honourable Father Admi- 
ral Byng, in the Quality of Mathema- 
tician, aboard of His Majeſty's Ship 
the Barfleur, in the — 
A 2 


BE a e- - y - 
vv 48. eb gud 5 55 your 
ſhip] in your "Mathematical Studies 
. Aboard 7 the ſaid Ship, and his 
Loraſpip, after bis return to England, 
being pleaſe 2 10 Accept and Approve 
of 4 „ of tbis Book of Mavi- 
gation: I huwbly crave Leave to do my 
Self the! additi a5 Honour, to make 
an humble Ofering o the fifth Im- 
prefſio on to the Patronage of your Lord. 
ſhip, and to continue it under the Jame 
With Fatkily and Tick, where i, has 
been ſo much encouraged, and beg 
Leawe 10 be allowed the Honour 73 


* . my el. 


M Lord, 
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Cover zous READER, 


= HE general Approbation that this 
A Book has met with, both in the 
Navy and amongſt Merchant Ships, 
bath encouraged the Bookſeller, not 

only to print à large Number, — 
alſo to be at the Charge of the Addition 
of Sperical Trigonometry, Aſtronomy, &c. and 
engraving all the Cuts upon Copper-Plates, with 
A 3 ſuch 


vi e pille to the REAR. 
ſuch other Improvements,” as might be thought ne- 
ceſſary ta mae it a Compleat Treatiſe , Naviga- 
. i there oy yet ſome in n . hay 
that not being capable of Improvements themſclves, 
envy what is mate by others: Lee ſuch könſider, 
that there is Room enough for every induſtrious 
Navigator, to employ his Talent that Way: Nor 
is it poſſible to conclude, that Navigation is arrived 
at its ne plus ulira, ſo long as Longitude remains 

to be ſuch a puzzling Subject to our beſt Mathe- 
maticians, eſpecially now, in a Day when the Par- 
liament has been pleaſed to offer ſuch a liberal and 
lentiful Gratuity to him that ſhall firſt diſcover it: 
or the ſupplying of which Want of an exact Me- 
thod to find the Longitude, I have, towards the 
latter End of this Treatiſe, inſerted a very uſeful 
Method for finding the Longitude by the Sun, any 
Day at Noon, when the Sun can be ſeen. But to 
wave this Subject, we find that Mathematical Stu- 
dies did hitherto, and do yet admit of Improve- 
ment: For in former Times, when Mathematical 
Sciences were in their Non- age, and Minerva's Fruit 
did not grow in ſo, many Exgliſʒ Gardens as it doth 
now, it was thought (and indeed was) an extraor- 
dinary Attainment in Trigonometrical Operations, 
when the Antients found out the Way of applying 
Right Lines to Arches of Circles, which we call 
Sines, Tangents, and Secants, and could thereby 
perform their Trigonometrical Calculations, although 
with the vaſt Trouble of Multiplying by.5, 6, A 
or 8 Figures, which took up a large Quantity both 
of Time and Room; but this Manner of Opera- 
tion was much faciliated by my Lord Napier s ad- 
mirable Invention of Logarithms, with the Im- 
. of Mr. Henry Briggt; the uſe of which 
$ now fo common, that he would be thought but a 
pegged | ſlender 


5 


8 The Epiſtle to the REA DER. vi | 

Nender Mathematician, that knows ho other Way 5 
of Operation than by Multiplication and Diviſion, 
the Trouble whereof is now thought intolerable: 
To this we may add the Invention of. Gunter's 
Scale, both long and ſliding, upon which, with a 
Turn of a Pair of Compaſſes on the one, or only 
removing the other, are performed thoſe Propoſi- 
tions in Trigonometry which formerly required abun- 
dance of Figures in the Operation; but all this 
not being thought ſufficiently expeditious at Sea, 
there have been alſo invented Tables ready cal- 
culated, called Traverſe Tables, or Tables of Dit- 
ference of Latitude and Departure, wherein by In- 
ſpection only you may anſwer. any Queſtion in any 
of the ſix Caſes of Plane: Sailing, and alſo find the 
Difference of Longitude, as is taught at large in this 
Treatiſe : But ot all the Improvements that have 
been made, I never heard of any that ever attained 


to a Method for ſolving all the Caſes in T rigonome- 


try, and Prafical Navigation, via. the keeping of 
a Reckoning both in Latitude and Longitude, with 
fufficient Exactneſs, without any Tables, Books or 


Inſtruments, or any other Help, but only Pen and 


Ink, or a Piece of Chalk; and this is what I have 
preſented to the World in this Treatiſe, and which 
I take for granted was never Taught nor Printed be- 
fore, excepting that Proportion by which I have 
wrought the ſixth Caſe of Plane Sailing by the New 
Method, which we - find hinted: at by Sne/lius, in his 
Cyclometria quoted by Mr. Collins, in his Book en- 
titled, The Plane Scale New Plained, Sc. in the 
Title Page of which Book he enumerates amongſt 
the reſt of the Contents, { Arithwetical- Navigation, 
or Navigation performed by the Pen, if Tables were 


tuanting, Sc.] at the firſt Sight of which I thought 


my Deſign had been anticipated, till looking further 
A 4 into 


. . Epite to the Kr AbER. 


ato the Book where beugen — (etz. ü. in 
| Page 118 of the firſt Book) I find he touches upon 
no. more but only that Caſe, where three Sidesof a 
right-angled Triangle are given (or found) to find 
an Angle; but (in lage 120) ſpeaking of that Caſe 
of one Side, and two Angles given, to find the other 
Sides, he ingenouſly owns, that it cannot be done 
without a Table ot Sines,' and this is hunt Fhave 
laid down in this Treatiſe; vis. The Solution of all 
the other five Caſes of lane Sailing; or any other 
Operation that depends upon a rightlangled plain 
Triangle, with as much (if not more) Eaſe and 
Exactneis as that is performed: there, which en- 
couraged me to proceed tò the compleating of that 
New Method, which I deſigned ſhould only have 
been the Subject of this Treatiſe, vhen I firſt thought 
of appearing in Publick, But ſuppoſing that thoſe - 
who had learned the whole Art of Navigation, both 
Geometrical,” Trigoncmetrical, and  Inftritmental, as 
it is commonly taught in Schools, and practiſed at 
Sea, would be diſcouraged from — Book, 
when they found nothing in it that they had former- 
ly learnt. Therefore, for the Sake of ſuch, and to 
make the Book univerſally Uſeful, I: iefolvs to 


make it a Nr e Teaſe os COR as _ 
1 


Firſt, Gromerrcally,by Projection, wick Chords 
and N W Er 


- Secondly, By: — Calcalat on, by 
e e _ and 1 —*ů — 2; at 


17 und, By Inſpeion, in the. Traverſe Table. 


erh Arichmericdly, by given Numbers. 
Fiftbly, 
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Fiftby, Inftrumentally by Scale and-Compatie, 
 Sixthly, Hythe New Methody wich only Ben and 
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Hiri, How to find the Vaimidn of: the Compaſs 
by an eaſy Method, without Prigonometrical Cal- 
culat ion, Azimuth, or Amplitade, whereby they 
that can neither write nor — it as well as 
N mn FITS mount ue: ee als. wa; 
t 65 510301 nd 34 IT ARR? 281 800 18559 

— bens to — the Log · Line, and 
Reaſons Ann the d 2 nnn 
„ ann. * 

21 gc 4. x4 4 

7. bah. Therbeſt Method — taking and — 
ing an Obſervation, contracted into four Caſes or 
Varieties, which anſwers all Places in the World, 
"and all —_—_ of es Year. 

Furtich, .. * 33 by; a Method 
— that you may thereby find the Time of 
High- water at any known. Port, only by a Sight of 
the Moon, at any Time of the Day or Night, illuſt- 
rated by a Diagram, or Figure, in which, indeed, to 
have been exact, the light Part of the Moon' s Body 
ſhould have been determined by Ellipſis 8, and not 
by Arches of Circles, as is evident from the Ana- 
lemma, if we compare the Poſition of the Eye, 
with Reſpect of the Moon, wich the Poſition of the 
Eye, with Reſpect to the Orthographick Projection; 
but I have / contented my ſelf with thoſe circular 
Divſions, becauſe they are eaſier performed, and 

| ſerve 


* The Epiftle to:tbe RE ADER. 
ſerve as well to illuſtrate the Matter for which they 
are projected. 


And here by the Way; we age _ Notice of 
one Obſervation with Reſpect to the Tides, though 
for ſome Reaſons omitted in its-proper Place, viz. 
Whether the Moon in Perigeon, by Reaſon of her 
Nearneſs to the Earth, may not have a greater at- 
tractivs Influence upon the Water; as alſo whether 
a greater Congreſs of Planets about the Sun or Moon, 
at the New or Full Moon, may not conduce ſome- 

thing to the augmenting of the Tides, by 'contribut-+ 
ing their (although — ſmall) Attraction, when 
other more ſubſtantial Reaſons there mentioned do 
concur; and this 1 am rather induced to believe, 
becauſe the Truth hereof has been confirmed to us 
by an Inſtance within the Reach of our own Expe- 
rience ; for at the New Moon in September 1709, 
there was ſuch a Confluence of Natual Cauſes of 
the Tide; For firſt, the Moon was then with the 
Sun. Secondly, It was the Lunation next after the 
Autumnal Equinox. Thirdly, The Moon was at 
or near her Perigeon. Fourthly, The three Planets 
Mars, Venus and Mercury, were all within leſs than 
thirty Degrees of the Sun and Moon; yea, ſome 
within fifteen Degrees, and Jupiter was within thir- 
ty-five Degrees of the Sun and Moon; and this Lu- 
nation was attended with ſuch exuberant Tides, that 
in the low Ground in Yorkfaire, over. againſt Stock- 
ton, where the Tide never comes but in the very 
high Spring Tides, it flowed two or three Foot 
Water, and doubtleſs at other Places it was propor- 
tionable, which ſeems to confirm the Trut of this 
more than probable Conjecture, and render it wor- 
* of the Obſervation of the Ingenious. | 


 Fifthh, 
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Fifthly, Ho ow to make your own Charts for any 
Voyage ſeveral Ways. | 


 Lafth, The Application of the Whole t0 the ac- 
tual Keeping of a Reckoning both in Latitude and 
Longitude, failing large, or upon a Wind; and 
— to make you r Allowances for Lee. way, 
Variation, Cc. * ok to correct your Reckoning 
by an Obſervation, with Reaſons and Demonſtra- 
- of the different Ways of doing it. One and 
the ſame Day's Work in the Journal, as well as one 
and the ſame Queſtion elſe where in the Book, be- 
ing performed both by the common Method, and 
alſo by the New Method, that the Reader may lee 
the Trick ad. Cerrainty thereof. | | 


With Dire@ions, honing how to project and an- 
ſwer the various Caſes and Queſtions relating to Cur- 
rents, with other uſeful Queſtions, and a Method 
for finding and correcting the Longitude without 
the Help of the dead ——— 


And that the Book may not be inperfect, or 
inferior to any of its kind and Volume, I have ad- 
ed the neceſſary Problems in Spherical Geometry, 
with the Twenty-eight Caſes of Sperical Triangles, 
and the Demonſtration of the Concluſions, by 
which ſeveral of the Oblique are performed, dedu- 

ced from the Catholick Propoſitions made uſe of in 
the Sixteen Caſes of Right-angled Triangles : I have 
alſo given Directions for the Solution of Quadrental 
Triangles, and the Application of the Whole to fo 
much Practical Aftronomy, as is uſeful in Naviga- 
tion; all which is what was not in the former Im- 
preſſions. 
TRIS And 


% 


= Depths "the READER. * 


* e js 80 N 4 e * 
10 nd Aug here are Ways propoſed for deb 


ing all neceſſary Caſes in Navigation without Loga- 
rithms, c. yet to make the Book univerſally uſe- 
ful, and as much as can be to anſwer the End of all 
Buyers, as woll the Learner at School, and the ac- 
compliſhed Mathematician in his Trigonometrical 
Operations, I have added a Correct Table of Lo- 
garithms, Sines, and Tangents, and ſome other uſe- 
ful Tables which concludes the Whole. Thus de- 
firing a favourable Conſtruction to be put upon what 
Faults may eſcape either the Pen or; the Pr rels ; p 
queſtion not the noble hearted Sailors Acc 

and that it may be. a, Benefit to the Buyer, a Help 
to the Learner, a fit Companion for the Mariner, 
and a — to the — is the Deſire, 'of + 
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FUE T. m Phe Beens h fn. Maas of a Line 
to erect a Perpendicular. 


80 "I T'H! yx pon SAC optiice at 1 Ex- 
8 tent, — Foot ain the-given Point A, 
11 make the — ahem .,. 


1-1 with: any greater Extent, and Fig. I. 
Vai cone. Foot in b, mae an Archg 

* 1 arid withi the ſame; Extent, and one Foot in e, croſi 
the ſaid Arch at d; then from the croſſing of the Aid: Arches 
Ae Point A, draw a N it * We r « re- 


Mt k 57 5 wh 


1 7 R oh W. I. From a ; Paine aden . a Line, t. let fall 
| 4 Perpendicular, 


-» 


With you ginger opened t "Extent (more than 


the neareſt Diſtance from the” Fit en Point to the 15 
inc 


(r 
\ 


2 (2 | Cem N 


Line). andbne Foot in en Poi 

Lip in and c; „ :Di 

Ed between. * And 6" ahd one — the 

Arch a with the ſame EN nd Lees. F * 
Fi, . 2. in * rof ks id Arch at Cort 

from the Point A to the cf© Faanches 

at 4. ſo draw the 82 AE, V _ 


required. 4 


P R O B. III. ee « Þ — we th 
4 winds « Pope . 


With you Compaſſes at any Extent, -and- one Foot in 


the given Point A, FRE a Mark at any conve- 


Fig. 3. nient Diſtance above the Line as at 5; then 
keeping one Foot in the Mark 3, with the ſame 


'Extent croſs the given Line at c, and turning our Com- 

- paſſes about, make the Arch d; then lay a from the 
croſſing at c to the Mark at ö, and make a _ where it 
crofles the Arch 4; ſo a Line drawn from that InterſeQion 


to the Point A is the Perpendicular required. 


PRO B. IV. How 'to let fall a Perpendicular upon the 
End of a given ſi any given Point over the End 
of the ſaid Line. + AY 


Draw a Line from the given: Point A to interſect the 
given Line at any convenient Diſtance, as at 5; 
Fg 4. then divide the Line: Ab into two equal Parts 
tc; and upon c, with the Extent c A, or cb, 
exoſs che given Line in 4; then a Line drawn from the 
given Point 1 to ay Interſe&ion at a, is the . Ong 
| required. 


PRO B. V. 70 e 2 Line parallel to another Line at 


any given Diftance. 


Tie in n your Compaſſes the given Diftance, and with 
one Foot in the given Line, towards each End 
K. 5. of it, draw the two little Arches à and 6 ; a Line 
drawn from the Extremity of theſe Arches is 

the Parallel required. 
PR OB. 


* I. 
Ree”. given 


” half 


4 


Sec . © The Coftrattion of the Sines, Ke.. 3 


PR O. B. VI. | To bring any three Points (not fituate in 
a right Line) into the Circumference of a Cirali. 


Suppoſe the three Points be ABC; firſt take more 
than half the Diſtance AB, and with one Foot in A 
ſweep an Arch; then with the ſame Diſtance, and one 
Foot in B, draw another Arch to croſs the aforeſaid Arch 
in the Points d and ; then with more than half the 
Diftance BC, and one Foot in B, draw the Arch g H, and 
with the ſame Diſtance, and one Foot in C, draw an 
Arch to-croſs the aforeſaid Arch in the Points g Fig. 6. 
and 5; then draw the Lines e ad, and 'agh, _. 
and where theſe Lines croſs, as at @, is the Center of 
the Circle required. - | b ; A* 


* Ms 


: 8 rer. II. | 
The Confrudtion of Sine, &c. 


2 


T 


| Ss Circle is ( ſuppoſed to be) divided into 360 
equal Parts called Degrees, whereof the Half, or Se- 
micircle; contains 180 Degrees, aud the Quarter or Qua- 
drant is go Degrees, and upon one Quadrant is projected 
the Sines, Tangents, Sc. a 12 => ſox. » f 
Tbe Radius is the Semidiameter of a Circle, upon 
which the Projection is made; as A K, or A go, or AS, 
is the Radius of the projected Diagram, and is commonly 
ſuppoſed to contain 16000equal Parts. 

A Sine is à Perpendicular let fall from the given De- 

ee to the Baſe or Semidiameter of the Circle; as the 
unt 30, is the Sine of 30 Degrees, and the Line þ 805 
is the Sine of 80 Degrees, &c, the Sine of go Degrees 
is equal to the Radius, 1 12 

A Tangent, or Touch-line, is a Perpendicular erected 
upon the End of the Semidiameter, juſt ſo as to 
touch the Periphery of the Circle: I hug the Line Fig. 7. 
K r is a Tangent Line. I he Tangent of any De- 

B 2 , gree 
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e is the Diſtance from the Beginning or Foot of the Tan- 
8 Line to that part of it where Lins drawn from 
the Center over the given Degree; cuts the Tangent 
Line: Thus the Part of the Tangent Line #p is the 
4 of 50 Degrees. The Tangent of 45 is equal to 

—_— 1 \ 9 F807 e 
A Secant is a Line drawn from the Center through the 
rive ree *till it interſe& the Tangent Line: This 
A ie Line A * the Secant of 50 Degrees. The Secants 
begin at the Radius, and proceed to Infinite. The Setant 
of o Degrees being equal to the Radius. eto, 
A Chord ws neareſt diſtance in — ſtrait — —— | 
any Quantity of Degrees; or from o Degrees to the De 
680 Chord equired: Thus the Line S. 90 is a Line 
of Chords, and the diſtance S. 30 upon that Line is the 
Chord of 30 Degrees, &c. The Chord of 60 Degrees is 
equal to the Radius, and hence it is, that the Chord of 60, 
commonly called the Sweep of 60, is generally taken in 
the Compaſſes to draw any Great Circle, or Arch of a 
Circle, whoſe Quantity in — is to be meaſured. 

The Sine-complement of any Arch, is the Sine of the 
Complement of that Arch to 9o: Thus the Sine-com- 
plement of 30 degrees is the Sine of 60, and the Sine- 

omplement of 70 is the Sine of 20, Cr. And in the 
Diagram, the Line W 40 (equal to the diſtance A up 
the Baſe) is the Jine-complement of 40 degrees, and fo 1n 


A verſed Sine is a Segment of the Baſe, contained be- 
tween the Sine of the Degree and the End of the Baſe 
where the Tangent Line begins; thus the Segment of the 
Baſe e is the verſed Sine of 50, Cc. „ 

From this Projection is deduced the following Axioms 
for the Solution of all the Caſes in plane Trigonometry; and 
which (if well underſtood) are the Ground of the whole 
Art of Navigation, ſo far as it depends upon plane Tri- 
angles, and is ſolved by a Canon; which I ſhall firſt ſhew 
in the following Caſes, and then proceed to ſhew how it 
may be done without. CID | : 


AXIOM 


ect. II. Aim in Trig onowetry, 53 
AXIOM. I. 

In all right-angled/ plane Triangles, if one fide be made 

Radius, the other Sides will So 4 3 

Tangents or Secants, as is evident from the Diagram; 


for, 


Suppoſe in the Diagram the Triangle A 
Side A+ is the Radius, and the Angle at A 
grees, the Side p + is the Tu 


hath the Secant of 50 to the Hypotenuſe A 7 ally dl 
Again, if you will make the Hypotenuſe Radius and 
ſuppoſe the Angle at Abe 40 Degrees; then in the Dia- 
gram it is repreſented by the Triangle A 40, and then 
the Side F 40 is the Sine of the Angle at A, and the 
the Side A F equal to W 40 is the Sine-cemplement Wal 
Angle at A, and then what Proportion the. Hypotenuſ 
hath to the Radius, the fame Proportion will the de 497 
have to the Sine of 40, and the ſame Proportion will 
Side A f have to the Sine · complement of 40, c. and from 
this Proportion proceeds the ſecond Axiom, N 


AX IOM HI. 


In all plane Triangles the Side are proportionable to the 
Sines of their oppoſite Angles, and the 'cbntrary 3 as in 
the Diagram in the Triangle above-mentioned, Af 40, it 
1s demonſtrated, As the Radius or Sine of 9o to the Hy- 
potenuſe, or Side oppoſite; ſo is the Sine of 40 to the Side 
oppoſite to the Angle at A, Cc. 

his Proportion, commonly called Oppoſite Sides Oppo- 
ſite Angles, holds true alſo in Oblique plane Triangles ; 
only obſerve, That where you have an Obtuſe Angle, 
v1Z. more than go Degrees, & Sine of it is found by ſub- 
tracting the Obtuſe Angle from 180 Degrees, the Sine of 
the Remainder is the Sine of the Obtuſe Angle required. 


B 3 | AXIOM 
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AXIOM II. : 


In all Triangles, as the Sum of the aig 
is to their Difference, ſo is the Tangent of half the Sum 
of the other two Angles, to the Tangent of half their Diffe 
rence; and therefore, . 1 © IE 
When there are given two Sides, and an Angle included, 
to find the other les, the Proportion is 
As the Sum of the Sides to the Difference of the Sides, 
ſo is the Tangent of half the Sum of the unknown Angles to 
the Tangent of half their Difference, which half Difference 
added to the half Sum, is the greater Angle, and ſubtracted 
leaves the leſſer. 7 | 8 90) 


AXIOM w. 


In all Triangles, as the Baſe or grenter, Side, to the 
Sum of the other two Sides; ſo the Difference of the Sides 
to the Difference of the Segments of the Baſe, which Dif- 
ference ſubtracted from the whole Baſe, the Perpendicular 
falls in the Middle of the Remainder; and ſo the oblique 
Triangle is reduced to two right-angled ones, and may 
be wrought after the ſame manner. 

By theſe Axioms are all the following Caſes of plane 
Triangles ſolved ; in which obſerve, In right-angled 
Triangles, the two Sides — the Right Angle are 
called or Sides, or ſometimes Baſe and Perpendicular ; 
and the ſlope Line is called the Hypotenuſe, &c,- 
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Plane Tri genometry Geometrical. 


Plane Trigonometry Right-angled. 0 


C AS E I. D Hypotenuſe and one acute Aigle being 


given' (conſequently both ) to fnd either Lex. 
"Note, J Nall plane Triangles the three Angles make up 


180 Degrees, therefore in all right-angled Tri- 


angles, becauſe the Right-angle is always 9o, the Jum of 
the other two Angles is alſo 90 and therefore ſubtract the 
acute Angle given from 9o, the Remainder is the other 
its Angle. N dr . Nd. } O15 
Given Hypotenuſe AC 5 5c, — 
The Angle at A — 25 oom. Hg. 8. 
Required the Leg A. * 
And the Leg | ES \ 


1. In this, and all other Cafes, draw the Baſe A B at 


Pleaſure. g 


Arch de. © | 
3- With the Chord of the given Angle 35, and one Foot 
in d, with the other Foot croſs the Arch at e. 


4. From A through e, draw the Line AC, upon which 


ſet off the Hypotenuſe 550 from A to C. 
5. From C let fall the Perpendicular upon the Line A B 
to gut it in R, and tis don. D : - 
The AB meaſured on the ſame equal Parts from 
which the Hypotenuſe was taken, will be found to be 


450: 5, viz. 450 and an half, and the Leg BC'is 315: 5. 


SE: CAS E 


2. With the. Chord of 60, and one Foot in A, ſweep. the 


- 
* 
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CASE II. Given the 5 and a Li eg, to find the 3 
Given the Angle A— =——— 33d. 45m. 


r rea 7 — 19 
Required the Hypotenuſe AC. e 
1. Draw AB 449. 


2. With the Sweep of boy tin and one Foot in A, draw the 
Arch de. 

3. With the Chord of the given Angle, and one Feot 
in d, ſet off the given Angle 33d. 45m. tom d to e. 

4. From B erect a Perpendicular BC. 

5. Through A and e draw the Hypotenuſe AC, till it 
croſs BC, and 'tis done, 

The Hypotenuſe AC meaſured on the Seal e. 
Parts will be found to be 540. | 5 


CASE Il. . the Angles and a Leg, to find the other Legs 


Given the Angle A— —— 336 45m. 
Fol the Leg AB— 449d. 
Required the Leg BC. 


This is laid down as Caſe II. the ame Thiigs _ 


given, Jandl the required Leg BC being meaſured, will be 
ound to be * 


CA 8 E IV: Given the Hypoteniaſe and the Log; to fate Al. 


Given the pe," cops AC 50 


- Required 6 the Angle at A. uA. 7 


"+. Dro AB — 1 10 BN 0 c 

2. U et off the given from A to B. 

2 = B eret a Deion 44% 

4. With the Hypotenuſe 540, and one root in A croſs 
the Perpendicular BC in C in C. * 

5. From the ſaid crofling to A draw the Les CA. 

6. With the Sweep of 60, and one Foot in A, draw the 
Arch de, and *tis done. | 

The Arch de meaſured on the Chords gives 33d. 45m. 
the Angle required. Cats 


Fig. 1 10. 


Se. ll. Plus Trigonomenry O,] 9 


CASE V. Given the Hypotenuſe and a Leg to find the other Leg, 
| Given the Hypòtenuſe AC 540 


the — —»— 


. 9 
Required the Leg BC. * 10 10 
The laying down ot chis is the ſame as the n 


cauſe the fame th thiogs 4 ven, and the Leg BC meaſured? 
on the ſame ec arts -from whence the Svett Warts are 
laid down, will be found 90. 9 arc) 


CASE VI. Thi Lag wen, to 4 4 les. 
Given the Leg AB —— LR * 
the Leg BC ——- 3 Hg. 11. 

WK ha A, : 


2M: <5 AB. 


2. Upon B 0 ing bereden, BC, al tereapn 
ſet off 300 from B to C 


potenuſe A. | 
* > Dp He Boos of 60, and ane Foot TY araw the 
* de, and 'tis done. 
Tha Arch de meaſured on the Chords gives 338 45m. 
the Angle required. | 


"CA SE. VI. Th La hm, Kas ee. 


® — 4 
F Ip ew 
4 A i, 


Given the Deg AB — 449 . 
3 the BC 1 
| Required the LAY AC. 


This is laid down ds e VI. and the Hypotenuſ AC 
meaſured on the Scale of equal Parts is 540. 


Note, Theſe ſeven Caſes may be reduced to four, for ma 

the firſt Caſe af above to be the 75 Caſe; 2 2 "my — 
having both the ſame things gluzn may be called the ſecond, 
and for the ſame af thy urth and fifth-may . — 
in one, and called the third; and the ſixth and ſeventh ha- 
ving alſo the fame thing given, may then bt "called the fourth 
Cafe, and at this = ſeveh Caſes art a 4 in 
four, becauſe 'four times laying down includes all the Varities 
of * plane Triangles. | 

: SECT, 


8 x © r. IV. 
Of Olique Plane T riangles. : 


CASE I. Two Angles and u Side oppaſits in ont of them 
given, to find the Side oppoſite to the other, 


Given the Angle at A————- 30d. om. 


N. 12. the Angle at BZ. — 45d. om. 
the Side BC ——-—20 
Required the Side AC. me 


1. Draw AB at pleaſure, - | 
2. With the Chord of 60, and one Foot in B (the 
Angle next the given Side) draw the Arch de. 
3. Upon that Arch fet off the Chord of the given Angle 
45, from d to e. 1 | a 

4. From B through e draw the Line BC, and upon it 
ſet off the given Side 290 from B to C. 

5. The Angles A and B being given, the Angle C is 
alſo known, being the Complement of the other two Angles 
to 180, and will be found to be 105d. 'and therefore with 
60 of the Chords, and one Foot in C, ſweep the Arch 7g, 
upon which ſet off 105d. from f to g, and through g draw 
the Line CA to cut AB to A, and 'tis done. 

The Side AC meaſured on the fame equal Parts is 410, 
the Side required. ” 

Note, When you have any Chord above go to ſet off, 
you muſt do it at twice, becauſe the Chords go but to go, 


&c. | | 


CASE H. Two Sides and an Angle oppoſite to one off 
them given, to find the Angle oppoſite to the other. 


Given the Side AB — 560 
Fig. 13. the Side AC — 410 
| the Angle at B—— 45d, om. 
Required the Angle at C. . 


t. Draw 


F | 
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1. Draw AB 560. | 3 
2. Make the Angle B 45, and draw the Line BC. 

3. With the Side AC 410, and one Foot in A, croſs the 
Line BC in C, and draw the Line AC, and tis done. 


The Angle at C meaſured on the Sweep d e, gives 105d.” 


the Angle at C required. Mob. 

Note, This Caſe is ambiguous, and will admit of two 
Anſwers ; ſo that it is neceſſary that it be known whe- 
ther the Angle at C be acute (that is, leſs than go) or 
obtuſe (that is, more than go) for if it be obtuſe, the 


Angle marked C is the Angle required ; but if acute, the . 


Angle at O is it; for the Side AC 410 taken in the Com- 


paſſes, and one Foot in A, it will croſs the Line B C (con- 


tinued) both in C and O, &c. | 
CASE III. Given as in Caſe II, to find the third Side. 


The laying down is the ſame as in Caſe II, becauſe the 
ſame things are given; and the Side BU meaſured on the 
equal Parts is 290, if the Angle be obtuſe; or 503, if it 
be acute, 


CASE IV. Two Sides and an Angle between them 
given, to find either of the other Angles. 


Given the Side AC 410 Þ 
the Side AB — 560 Fig. 14. 
the Angle at A —3od. om. 
Required the Angle B. 


1. Draw AB 560 from A to B. 

2. Make the Angle A 3od. om. 

3. Draw AC 410 from A to C. 

4. From C to B draw the Side CB, and *tis done. 
The Angle B meaſured on the Chords is 45d. om. 


CASE V. Given two Sides, and the Angle between them, 
| to find the third Side. 


Given the Side AC —————410 
the Side AB —— 560 
the Angle A 30d. 

Required the Side BC. © 


Laid down as Caſe IV, and the Side BC meaſured is 290. 
CASE 


4 
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.C ASE VI. Three Sides given, to fd, an Angle. 


| Given the Side AB 560 
Fig. 1g. _ . the Side AC 410 
the Side BC 290 


Required the Angle at A 


*. Draw AB 60 from A to B. 

2. Take the Side AC 410 in your Compaſs, and with 
one Foot in A draw an Arch at E. 

3. With the Side BC 290 in your Compaſſes, FORE. 
Foot in B, croſs the ſaid Arch at C. 

4. From the croſſing of the ſaid Arches to A and B. 
draw C A and CB, and 'tis done. 55 5 

The Angle at A meaſured on the Chords is 30d. oom. 


r 


—ͤ— 


. 
Plane Sailing Geometri cal. 


i N laying down all the Caſes of Plane Gailing, Traverſe, 
Mercator, &c. obſerve to make the 'Top of the Book 
or Slate North, and the Bottom South; the right Hand 
Eaſt, and the left Hand Weſt, Sc. 

Obſerve, that in the Application of right-angled Tri- 
angles to Queſtions of Plane Sailing, the Courſe. is always 
the Angle at the Baſe : The Diſtance is the Hypotenuſe : 
The Difference of Latitude is the North and South Line ; 
_ the Departure 1 is the Eaſt and Weſt Line of the Tri- 
angle. 

Thus, in the four Triangles Fig. 16. No 1, repre- 

ſents a Courſe in the N. E. — N* 25 
Fig. 16. a Courſe in the S. E. Quarter; N“ 3, a 
Courſe in the S. W. Quarter; Ne 4, a 
Courſe in the N. W. Quarter: And in each of theſe 
Triangles the Point A repreſents the Place ſailed from, 
and the Point C the Place failed to: And the An- 


gle at A is the Courſe, the Angle at C its * 
| 


| kt 
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che Hypotenuſe AC. the Diſtance, the Leg AB the Diffe- 
rence of Latitude, and the Leg BG the Departure, Sc. 


8 AS E I. Courſe and Diſtance given, to find the Di erence 
5 US E922 and Departure. ſod fe 


A Ship ſails S.W. by S. 540 Miles, I demand Dede 
of Latitude and Departure. 

I, In this and ale other Caſes of Plane Sailing, draw the 
North and South Line AB. 

2. The Courſe being three Points from the Me- 
ridian, viz. 33d. 45m. make the Angle at 4 
33d. 45m. from d to e. 0 
3. Thro' e draw the Hypoteniae e (or Diftance) 40 $40 


from A to C. 
4. From C let fall a Perpendicular CB to, cut 4B in 


B, and *tis done. | 
The Difference of Latitude AB meaſured is 449, and the 


Departure BC is 300, Cc. 


CAS E I. Courſe and Difference of Latitude given, ' to 
find the Diſtance and. Departure. 


A Ship fails 8. W. by S. till her Difference of Latitude 
I demand her Diſtance and, Departure. F; 
N AB ere of Latitude 449, * 18. 
* Ato B. 
FFF 
e e 3 w the 
2. AC to cut BC in C, Wi [2 done. 
The Diſtance 4 meaſured will be. found to be $40, 
and the Departure BC meaſured is 300 Miles, 


C A SE III. Courſe and Departure m to the 
Diſtance 2 Difference of Latitude . 


A Ship ſails N. E by N. till her — be 300 
Miles, her Diſtance and Difference of Latitude is re- 
quired. 

1. Draw A B at pleaſure, 


Pig 2h 


— 


2. At 


| 14 Plane Sailing Geometrical. Chap. T. 
2. At the Diftance 300 the Departure ve 
Fig.'1 19. draw the parallel Line? 4e. | 4 Ty 
3. With the Angle of the Courſe 33d. 45m. 
er the Hypotenuſe AC to cut the parallel in C. 

From the croſſing at C let fall the 3 CB, 
to cut. AB.in B, and us done. 


Another Way to lay it down, 


1. Poe AB at pleaſure. 
2. Upon the North End thereof Geerd the Ship fail 


to the Northward) erect a Perpendicular BC, upon 
-which ſer off the Departure 300. 

. Make the Ar gle at © 56d. 1 5m. the Complement of 
the Courſe, and draw. the Hypotenuſe CA, to cut 24 in 
A, and *tis done. 

The Diſtance AC is 8 
The Difference of Latitude AB is 449. 


CASE IV. Diflance and Difference of Latitude given, 
to find the Courſe and Departnre. 


A Sh'p fails in the S. E. Quarter 540 Miles, and then 
finds ber Difference of Latitude is 449, her Courſe and 


Departure is required. 
1. Make the Difference of Latitude AB 449, from A to 


B, and upon B erect the Perpendicular BC. 
Fig. 20. 2. Take the Diſtance in your Compaſſes, and 
with one Foot in A croſs the Perpendicular BC 
in C. | 


3. From the croſſing C to A draw AC. 
4. With the Chord of 60 make the Arch 4 6, aa! tis 


done. 
The Arch d e meaſured on the Rumbs, is three Pointe, 


or on the Chords is 33d. 45m. 
The Departure BC is 300. 


C ASE V. Diſtance and Departure given, to find the 
Courſe and Difference of Latitude. 

A Ship fails between the N. and W. 540 Miles, her 

Departure is 300; 1 Cemand her Courſe, and Difference 


of Latitude, 1. 
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I. Draw AB at pleaſure. her : 
2. At B exedt the Perpendicular, BC, *** 


off the Departure 300 from B to C. . 21. 


3. With the Diſtance 540 in your Canipalies,. | 
and one Foot in C, croſs, the Line AB in A. 

4. From C to the croſſing at A draw A C. 

5. With the Chord of 60, and one Foot in A, make the 
Arch de, and *tis done. 

AB the Difference of Latitude -is 449, and the Courſe 


| dei is three Points, or 33d. 45m. 
C A 8 E . Dy erence. of Latin and Dear giv, 


the Courſe and D. Nance. 


A Ship cls; in the S. W. Quarter, till her Difference of 
Latitude be 449, and her Departure 300; 2 Courſe and 


Diſtance js required. 
I. Drew the Difference of Latitude AB 4405 from A to 
B. 


2. Upon B erect the Perpendicular BC, upon | 
which ſet Kaff the Departure 300, from B to C. Fig. 22. 

3. From A to C draw the Hypotenuſe AC. 

4. With the Chord of 60, make the Arch de, and 'tis 
done. 
The Diſtance AC is 540, and the Angle at A, the 
Courſe three NS, or 9 45m. 


ng 1 VI. 


* 
N * 


— Sailing is of Ute, when a Sie having ſet 

fail from one Port - intending for another, whoſe 
Courſe and Diſtance, from the Port failed from, is given 
or known ; but by reaſon of contrary Winds, or other 
Accident, is forced to fail upon ſeveral Courſes, which 
are required to be brought into one Courſe, to know 


thereby 


at the firſt, and fo ſet off every Courſe 
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thereby (after ſo many various Turnings and Windings) 
the oh . and Diſtatiee made good from the 21285 


failed from, and the true Point or Place where the Ship 


is, that ſo the Wind coming fair) it may be Known how 
to ſhape a Courſe for the Place intended; and this, which 
is the chief Subject of Traverſe bailing, may be performed 
Geoinetrically two Ways, both which I ſhall briefly lay 


down. 


- 
- 


Ihe firſt is performed by 1 new Meridians 
» 


through the Extremity of every Co parallel to the 
firſt Meridian, or North and South Line, Sat you make 

with # Wer 
60, as if it were a Queſtion of Plane Sailing. You may 


- alſo let fall Perpendiculars to every new. Meridian from 
the Point that the * to upon that Courſe, and ſo- 


you have the Courſe, 


iſtance, Difference of Latitude and 
pirture, to every Courſe ; and this Method is very uſe- 


ful where the Courſes tend generally all one Way, with- 


out interſecting one another. But if your Courſes fre- 


quently croſs one another, tis beſt to lay them down with- 


out new eridians, viz. to ſet off one Courſe by ano- 


ther; for which Mr. Attin ſan in his Epitome laid d&wn four 
Rules; but they being fo barthenſome to the Memory of 


Learners, I ſhall not ſo much as name them; but 


N 9 F 
mall jay down one Rule ho is univerſally uſeful n all 


- 


Caſes, and eaſily remembered, and tis this, 


Obſerve how many Points are between the Point next to 


- be laid down, and the Point oppoſite to the Courſe laſt laid 


down, for that is the Point for laying down; therefore with 
the Chord of 60, and one Foot in the Point the Ship is laſt 
come to, deſcribe an Arch; upon which ſet off the Points 
found by the aboveſaid Rule, and through that draw the 
Line for the next Courſe, Sc. 

J ſhall explain both Ways by Example; and firſt. 


Hmo to lay down a Traverſe by new Metraians, -* 
A Ship bound for a Port diſtant 120 Mikes N. E. Z E. 


ſails S.S.E. 30 Miles, then N. E. by N 4o, then E. by N. 
25, then N. N. E. 44; I demand the Courſe and Diſtance 
made good, and alſo the Courſe and Diſtance to the Port 
bound for. 1 n | 


1 Firſt 


Se. VI. Traverſe Sailing Geometrical. 17 
Firſt, Draw the Line X H at pleaſure, for a Meridian» 
or North and South Line; and therein aſſume a Point, 
as at A, for the Port failed from; then with 60 of the 
Chords, and one Foot in 4, draw the Arch Ln, upon 
which ſet off two Points, (becauſe the Courſe is S.S.E. 
from L to m, and draw the Line Im, upon which ſet o 
the diſtance 30 from A to B, then is your Ship at B; then 
let fall the Perpendiduler B K, then is 4 K, 27d. 7m, the 
difference of Latitude, and B K 11d. 5m. the Departure 
for the firſt Courſe Then for the ſecond Courſe, with 
the Diſtance KB draw the Parallel BN, and thereby, with 
the Chord of 60, as before, ſet off the ſecond Courſe and 
Diſtance, N. E. by N. 40, from B to C, and let fall the Per- 
pendicular C L, then is your Ship at C, the differgnce of 
Latitude upon that Courſe is B L 33 : 3: and the Depar- 
ture CL 22: 2 :=——_—_— [hen proceed in the ſame manner 
for the third Courſe ; with the Parallel CO, ſet off E. by 
N. 25, from C to D, and draw the Line DP, (from which 
ſet off the laſt Courſe, N. N. E.) 44. then is your Ship at 
E. Now ſeeing the Ship came from 4, and is now at E. 
the Line AZ meaſured on the ſame equal Parts, upon which 
all the other Diſtances were taken, will be found to be 91 
Miles, and the Arch R © meafured on the Rumbs js five 
Points, viz. N. E. by E. ſo that the Ship is now 91 Miles, 
N. E. by E. from the Port failed from. 
Now to find her Courſe and Diſtance to the Part baur 
for, ſet off four Points and a half upon the Arch &, from 
R to &, and from A thro' S draw the Line AS F; upon 
which ſet off 120 (the Diſtance from the Port; failed from 
to the Port bound for) from 4 to F, then is F the Port 
bound for; now the Port bound for being at F, and the 
Ship being but at E, therefore the Line —— on 
the ſame equal Parts that the reſt was taken 
from, will be found to be 31, and the Arch Fig. 23. 
TY meaſured on the Chords is 35d. 12m. or | 
N. E. by N. ſome what Eaſterly, &c. 


Haw to lay down - Traverſe without new Meridiant.” 
Firft, Draw a North and South Line, as in the former, 


as the Line RM; in which aſſume a Point, as at A, for 
C the 
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the Port ſail'd from: then from A ſet off the firſt Courſe 
and Diſtatice, viz. N. N. W. 68, from A to B; then for 
the ſecond Courſe, with the Chord of 60, and one Foot 


in B, draw the Arch TW, upon which, for ſetting off 


the next Courſe S. S. W. 70, obſerve the Rule at the Be- 


L ginning of i Traverſe Sailing Geometrical,' viz. Take the 


umber of Points between the Point oppofite to the 
laſt Courſe: ſail'd, and the Point you are next to fail, 
The reaſon of this Rule is this: If from A to B your 
Courſe be N. N. W. then back from B to A muſt needs 
be 8. S. E. (the oppoſite Point) and then if you were to 
ſail S. by E. it muſt be one Point to the Southward of that 
S. S. E. Line; if South it is two Points, and conſequent! 
my next Courſe being 8. S. W. I ſet off four Points from 
to W, and through W draw the Line BC, which is a S. S. W. 
Line, upon which ſet off 70 Miles from B to C, and then is 
your Ship at C: Then for the third Courſe, if from B to C 

8. S. W. then from C to B is N. N. E. but my next Courſe 
being E. half N. the Points between N. N. E. and E. half 


N. are five Points and an half; therefore, with the Chord 
of 60, and one Foot in C, draw the Arch x 5, upon 


which ſet off five Points and an half, from x to y, and thro' 
8 the Line CD, upon which ſet off go Miles from 
to D, then is your Ship at D; after the ſame Manner 
= down all the reſt, as DE W. N. W. half N. 70; then 
EF South 25; then FG, E. half S. 45: then laſtly, GH 
South 30, which is the laſt Courſe : Then your Ship bein 
at H, and the Port failed from at A, the Line AH 2 
Miles is the Diſtance made good, and the Angle at A is 


four Points, viz. S. E. but the Port intended for bein, 


S. W. 55. I ſet it off from A to K, but the Ship being at 
the Line HK 62 Miles is the diſtance from the Ship te 
the Port bound for, and the Courſe is found by meaſuring 
the Angle at H 71d. 48m. er W. S. W. more than one 

Quarter Wefterly, Cc. | 

The Quęſtion. A Ship at A bound for a Port at K, which 
bears S. W. from A diftant 55 Leagues, but 
Fig. 24. meeting with contrary Winds, ſhe fails N. 
N. W. 68 Leagues, then S. S. W. 70 Leagues, 
then E. half N. go Leagues, then W. N. W. half N. 70 
Leagues, then S. 25 Leagues, then E. half S. 45 8 
| x. | = | then 


I. 
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the fixed Point of your Com 
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then South 30 Leagues ; I demand Courſe and Diftance made 
good, and Courſe and Diſtance to the Port bound for. 


Hm to tranſcribe a Traverſe, or any other rigbi. lined Figure 
from the Slate to a Books or froni one Book to another. 


In the firſt Line R M make two or three Marks, as at 

R, A and M; then in the Book in which 
ou would lay it down, draw alſo the ſame Fig. 25. 
Line; and take the diſtance RA, and ſet 
from R to A in the new Draught; likewiſe ſet the 
Diſtance A M from A to M: then for laying down 
the Courſes; as firſt, from A to B, with the Diſtance 
AB in the old Draught, and one Foot in A in the 
new Draught, make an Arch at B; then with the Diſtance 
MB in the old Draught, and one Foot in M in the 
new Draught, croſs the former Arch at B; then from A, 
and the croſſing of theſe Arches, draw the Line AB; 
then, for the Line B C, with the Diſtance RC, and one 
Foot in R, draw a ſmall Arch, and with the Diſtance 
BC, and one Foot in B, (or with the Diſtance M C, and 
one Foot in M) draw an Arch to croſs the former in C, 
then from B to that croſſing draw the Line B C, and fo 
in the reſt of the Courſes. And note, you need not re- 
what two Points you take in the whole Draught for 

„ provided you take 
the ſame Points in the new Draught, only obſerve to 
take two Points, ſo as that the Arches may fairly croſs 
one another ; or. elſe you cannot ſo well find the Point 
of Interſection; as ſuppoſing you would find the Point 
B, if you take the Diſtance AB, and ſet from A to B, and 
make an Arch; and then if you take the: Diſtance RB, 
and ſet from R to B and croſs the former Arch, theſe two 
Arches will run ſo along one another, that you cannot 
diſcern exactly the Place of Interſection; to remedy which, 
take two Marks that bear more ſquare from B, as A and 
M, and then the Arches will croſs more directly, and the 
Operation will be more exact. 


C2 19 ser. 
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1. . 
Mercator 's Sailing Geometrical. 


M Ercator's Sailing is laid down by a * Tri- 
| angle, as Plane-Sailing, only the Triangle hath two 
Perpendiculars, the ſhorter repreſenting the Departure, 
as in Plane-Sailing, and the longer is the Difference of 
Longitude. | | 
Thus in the Triangle 1 D E, A repreſents the Place 
; failed from; the Angle at A is the Courſe, and 
Fig. 26. | the Side AB is the proper difference of Lali- 
tude, and BC the Departure, as in Plane-Sail. 
ing. The whole Baſe 4 D is the Meridional difference 
of Latitude, and the Perpendicular D Z is the difference 
of Longitude z ard ſeeing the Angle at A is common to 
both Triangles, ABC and 4 D E, therefore the Baſe 
AB is in Proportion to the Perpendicular BC, as the whole 
Baſe FD is to the Perpendicular D E and hence comes 
the Proportion; as proper difference of Latitude to Meri- 
dional difference of Latitude, ſo is the Departure to the 
difference of Longitude. Euclid, lib. 6. Prop. 4. 
- The Meridian Line, with the Scale of equal Parts next 
to it, upon the Scale, are of Uſe for laying down Que- 
ſtions in Mercator's-Sailing ; they are the two loweſt Lines 
upon the Scale, the Meridian Line marked [Merid.] and 
the equal Parts marked Eq. P.)] the Graduation of the 
Meridian Line increaſes, and the degrees of Latitude 
yow bigger near the Poles; the diſtance and proper 
ifference' of Latitude may be taken off the equal Parts, 
and the Meridional difference of Latitude off the Meri- 
dian Line, if the Queſtion be ſo large as to permit it. 
Nevertheleſs, in ſmall Queſtions, and ſhort Diſtances, 
where the diſtance between the two Latitudes upon the 
Meridian Line is too little to make a haneſcme Queſt ion, 
you may find the Meridional difference of Latitude, by 
the Table of Meridional Parts, and ſo take both it and 
we proper difference of Latitude, with the Departure, 
| Diſtance, and difference of Longitude, off any equal _ 


* 
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that you think will be proportionable to the Dimenſions 
that you would — Queſtion to contain; only take 
care, that from wha equal Parts = take the given 
Sides, you muſt meaſure the required Sides (when found) 
upon the ſame _ Parts. I ſhall inſtance in both Ways, 
in the following | 


CASE I. One Latitude, Courſe and Diftance given, to 
find the other Latitude, and Difference of Longitude. 


A Ship in Latitude 50d. om. North, fails N. W. by N. 
987 Miles, I demand the Latitude come to, and Difference 
of Longitude, Y | * 

1. Draw ABD at pleaſuree. | 

2. At an Ang}: f 330. 45m. draw AC continued, upon 
wow from the equal Parts ſet off the diſtance 987 from 

to : * 1 : : 

3. Let fall the Perpendicular CB. 

4. Meaſure AB the Difference of Latitude 820 min. or 
13d. 40m. which added to Latitude 50, gives the Latitude 
come to, 63d. 40m. | 

5. Extend the Compaſſes upon the Meridian Line from 

o to 630 40m. and ſet that Extent upon the 

ine AD, from A to D; then is AD 1519, the Fig. 27. 

Meridional Difference of Latitude. IP | 
6. From D ere& the Perpendicular DE, to cut ACE 
in E, and 'tis done. | | 

Then is AB $20 min. or 13d. 40m. the difference of 
Latitude, which added to the Latitude failed from -(be- 
cauſe the Ship fails to the Northward) produces 63d. 40m. 
the Latitude come to. 

DE 1017 is the difference of Longitude required. 


CASE II. Both Latitude and Courſe given, to find thy 
Diſtance and Difference of Longitude. | 


A Ship in Lat. 56d. 25m. North, fails N. N. E. into La - 
titude 684. zom. I demand as above. 6 
1. Extend the Compaſſes on the Meridian Line from 
Lat. 56d. 25m. to Lat. 68d. 3om. and ſet that 
Extent on the Line AD, from A to D. * 28. 
C 3 2. Take 


— 
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2. Take 525 (the proper Difference of Latitnde, in Mi- 
nutes) from the equal Parts under the Meridian Line, and 
ſet upon the Line AD, from A to B. 

3. At an Angle of 22d. 30m. (the Courſe given) draw 
the Hppotenuſe ACE. | 

4+ At Band D erect the Perpendiculars BC and DE, 
and *tis done. : 

Then is AC 785 the Diſtance, and DE 660 is the Diffe- 
rence of Longitude required. 

Note, Upon the equal Parts under the Meridian 
Line, every Degree being 60 Minutes or Miles, every 10 
Degrees is 600 Miles; and ſo for 660, ſet one Foot in 
10, the other extended one whole Diviſion beyond the 
Cypher towards the Right Hand is 660, and two Diviſions 
js 720, Cc. : 


CASE III. One Latitude, Courſe, and Difference of Lot 
gitude given, to find the other Latitude and Diftance, 


A Ship in Lat. 50 fails N. N. W. till her Difference of 
Longitude be 7 Deg. or 420 Minutes ; I demand as above. 

1. Draw ABD at pleaſure. 
| 2. At an Angle of 22d. 30m. draw the Hypo- 
Fig. 29. tenuſe AC continued. | 

3. At the Diſtance of 420 (the Difference of 
Longitude) draw the Line E þ parallel to AD, 
4. From the Point where that Parallel interſects the 
Hypotenuſe, as at E, let fall the Perpendicular ED. - 

5. With the Extent AD, and one Foot in the given 
Latitude 50 upon the Meridian Line, extend the other 
upward, becauſe the Ship ſails to the Northward, and the 
other Foot will light upon 85805 40m. the Latitude come to. 

6. With the proper Difference of Latitude 580 (off the 
equal Parts) and one Foot in A, find the Point B in the 
Line 45D. ; | 

At B erect the Perpendicular BC, and *tis done. 

Then is A B 580 the proper Difference of Latitude, 
which reduced into Degrees and Minutes, is 9d. 40m. 
which added to the Latitude fail'd from, viz, 50d. oom. 
the Sum 59d. 40m. is the Latitude come to, and AC 628 ig 


be Diſfance requiney; CASE 
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CASE IV. | Both Latitude and Diftance given, t 
the Chia ſe, and Difirence — 


A Ship in Latitude 50d. North, fails 3505 Miles, and 
is then by Obſervation in Lat. 13d. 12m. I demand as 
above. a | 
This Queſtion being larger than the Book can conveni- 
ently contain, if taken off the Meridian Line, I ſhall take 
it off a Scale of leſſer equal Parts, and find Meridional 
Difference of Latitude by the Table. 

1. Draw ABD, upon which ſet off the proper Diffe- 
rence of Latitude 2208 from A to B, and the k 
yp re Difference of Latitude 2676, from Fig. 30. 

to D. 2 

2. At B and D erect the Perpendiculars BC and DE. 

3. With the Diſtance 3505, and one Foot in 4, with 
the other croſs the Perpendicular BC in C. 1 

4. Draw AC continued to E, and tis done. 

The Angle BAC meaſured on the Chords is 50d. 57m. 
and the Perpendicular D E 3298, is the Difference of 
Longitude required. 


CASE v. Both Latitudes and Departure given, to find 
Courſe, Diſtance, and Difference of Longitude. 


A Ship in Latitude 55d. North, fails in the North Eaſt 
Quarter into Latitude 56d. 10m. North, her Departure 50 
Miles; I demand as above. | | | 

This and all the following _— in Mercator 
Sailing Geometrical are too ſhort Diſtances to be taken off 
the Meridian Line, I ſhall therefore project them from 
larger equal Parts. | EW 

1. Draw A B D, upon which ſet off the proper diffe- 
rence of Latitude 70 from A to B, and the : 
Meridional difference of Latitude 124 from Fig. 31. 
A to D. | | 

2. From the Points B and D ere the Perpendiculars 
. Upon BC ſet of the D from B to C. 

. et e Departure 50 from B to C. 
- Theo the Point C draw the Line AC continued, till 
it cut the Perpendicular DE in E, and 'tis done. . 
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Then he Augle at A meaſured on 0 is 350, 
for Corſe, Which is N. E. by N. ſomething 
| Eiftery, and the Hy potenuſe AC 86 i - Diſtance, and 


the Perpendicular DE 99 is the Difference of Lie 
e 5 ; | 


Cc ASE vi Both Lain and 1 of 22 
© given, to find the 2 | 


Suppoſe t tes © "iy e in Latitude 564. 15m. and the 
other in Latitude 38d. 3m. their Difference ot Longituds 
ad. 30m. Idemm the Coutſe from the Southermoſt to the 
| NorthermoſtG/ahd alfS rheir Diſtance and Departure. | 
1. Upoperke Line ABD ſet off the proper Diff. Lat. and 
5 3 25 Diff. Lat. to B and D, and there ere& 
f Fig. 1. Fe pendichhits, as in Caſe the ith, 
Upon D ſet off the Difference of Longi- 
tude 150 from D ts E 
3. From” N 16 E vy "he Hypotenufe ACE to cut 
BC in C. Then is BC 80 the Departure; the Angle at A 
| 29d. 5 Im. is the Coarſe, and AC 161 is the Diftatice. * 
Mete, The Figure placed between B u, (as here is 


260) is the Meridional JOS of Latitude repreſented 
dy the whsle Ling AD. © d, 


C A 8 F VII. One Lativale Courſe and Departure given, 
8 find the ther Latitude, Diftace, and Diff. Longitude. | 


Shi in Lats d. om. North, fails S. S. W. 1 W. 
al} 2 departure be 66 Miles or Minutes; I demand as 


. Phi ABD ut Set, * 

2. At an Angle of 280, Im. the given Courle, 
Pig. 33. raw Al cores? 

* 1 6 50 Diſtance from AB draw the Pa- 
rallel 2, Whefe it cuts ACE, as in C, let fall the 
ker ht | 
4. Then is A B the proper Difference 6f Latitude, by 
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which you may, find the Latitude, Courſe, and alſo the Me- 
iow! Di erenge of Latitude, which 2h ound- as directed in 
| Mercator”s, in a Cale * is 20b, which 
{ct 1 from A to . 5 . Kalle 
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5. Raiſe the Perpendicular D E to cut ACE in E, and 


tis done, 
The Latitude come to is 56d. 8m. the Difference of 
Longitude DE 110, &c. 


CASE VIII. On: Latitude, Diſtance, and Departure 
given, to find the other Latitude, * and Difference 
of Longitude. 


A Ship in Lat. 58d. om. North, fails between the South 
and Weſt 12 apy her Departure 60; I demand the reſt. 
Fee the Figure in Caſe the ſeventh. 
1. Draw ABD at pleaſure. 
2. At 60 (the Departure) Diſtance from ABD, draw the 
Parallel e g. 
With the Diſtance 127, and one Foot in A croſs the 
* 1 in C. 
Let fall the 2 — CB to cut ABD in B; 
4 is AB the proper Difference of Latitude, by which fund 
the Mcridional D:Merence of Latitude, as in Caſe VII. 
which ſet from A to D, and raiſe the Perpendicular DE. 
| 5. From A through the Croſling at C, draw A CE, to 
cut DE in E, and 'tis done. 
, 1 to is 56d. 8m. the Angle A the 
ourle 28d 7m. 
The Difference of Longitude DE is 110. 
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SECT. VIII. 
Parallel Sailing Geometrical, 


HERE are only two ways moſt uſeful and intelli- 
ible for layi Parallel Sailing ; the one called 
Bell-faſhion ; the other Plane Triangle. 
In the firſt of theſe it is laid down by a Figure ſomes 
what like a Bell, from whence I ſuppoſe it takes 
its Name. In this Figure the two Sides AD Fig. 34. 
and A E are equal (vis. N | 


Sine 


— 
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Sine of 90: or if you think the Projection will be too 
ſmall, you may wal them twice the Sine of 99, vided 
you take all the other double alſo) and then ine BC 
repreſents their true Diſtance in the Parallel,, and D E re- 
. Diſtance in the Equinoctial, or Difference of 
itude. | 805 
p other Way is by plane Triangle, in which two of 
the Angles are equal to the Complement of the 
Fig. 35. Latitude in which their Diſtance is required 
and therefore if their Difference of Longitude, 
or Diſtance in the Equinoctial, be given or required, the 
Triangle is-right-angled, as in the Figure; and there the 
ngle at A is equal to the * — of Latitude, the 
Perpendicular B C repreſents the Diſtance, and the Hypo- 
tenuſe A C the Difference of Longitude. 

But when the Diſtance in one Parallel is given, and 
the Diſtance in another Parallel required, it makes an 
oblique Triangle, viz. with two acute Angles (becauſe the 
Complement of all Latitudes, except Latitude od. om. 
ui. under the Equinoctial, is leſs than go Degrees) as 

in the Figure, wherein the gle at A re- 
Fig. 36.-- preſents the Complement of one Latitude, and 

7 its oppoſite Side B C their Diſtance in that Pa- 
rallel ; and the Angle at B is equal to the Complement 
of the other Latitude, and its oppoſite Side AC repreſents 
their Diſtance in that Parallel, ſuppoſing each Ship keeps 
always under the ſame Meridian ; and this by Oblique 
Triangles is uſeful only in the two laſt Caſes. 


CASE I. Two Ships or Places in one Parallel, their 
Latitude and Diſtance given, to find their Difference of 
Longitude. | | | 


Two Ships in Lat. 50, diſtant 76 Miles ; I demand as 
ith the Sine of 9o (or Chord of 60) and one Foot 
in A, ſweep the Arch DE. | 2 (0008 

Fig. 37. 2. With the Sine of 40 (the Complement of La- 
titude) and one Foot in 4, ſweep the Arch BC. 
3. Take the Diſtance 76 from any equal Parts, and ſet 
from B to C, and draw the Line AE through the Point C. 
5 ü 1 i to 


2 * 
a "i 
4 o 22 8 
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Arch DE in E, and draw AD 
2 the Lines BC and DE, then is - FP Dif- 
tance, and DE 118 the Difference of 
The ſame Queſtion by by plane Tring, 
I. DOT IR ure. Fig. 48. 
2. At an Angle of 40 ees the Comple- 


t of Latitude, draw the uo £7 contin. 7 
| 2 Draw the Parallel eg dM from AB, 76 the Dit 


4 Where that Parallel interlfs the Hypotenuſe AC, 


as in the Point r CB to cut 
B, and tis done. 
en, BC the Diſtance 76, and AC 118 the Difference 


of Longitude, 


CASE I. 4 rene of Longitude ines 


Two wo figs in La in Latitude bode 50, thai their Difference of Longi- 
tude 118: 


See the Figures in Caſe I 


Bell-Faſhion. bf Ey ple — IO 


r. With the Sine of go | — — 
draw the Arch ; 2. With 40 

with the Sine of 40, the | Complement of i 
Complement of Latitude, | make the Angle at A, and 
draw the Arch B C, as in| draw the H uſe 4 C, 
upon which ſet off the Diffe- 


rence of Longitude 118 from 
A to C. 


3- From Clet fall the Per- 
pendicular CB to cut 43 
in B, and tis done. 

Then is E C 76 the Diſ- 


tance required. 


„ + 
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CAS Diener and D Longitude 
Ty 2 ferns Lo , 


A Ship fails due Welt 2500 Mites, het difference of Lon- 
_ . Sftude 4200 Min, I demand what Latitude the Ship ſails in. 
I. Wach the Sine of 90, n in A, draw the 


| . Ser the Gifference of 4200 from 
. D to E, and draw the Line D 
Draw the Lines ABD and ACE. 

Err 
5. Draw the Lines i & and g to An, 

ee 1350. 
6. Where thefe Parallel croſs the Lines AD and AE, 
with the fixed Point of y * 


, and then draw the Li 
Then place one Foot in A, and the other in B or C, 
that Extent applied to the natural Sines will reach to 40, 


the Complement of Latitude; fo that 50 is the Latitude 


required. 
By Plane Triangle. 
1. Draw AB continued. 
2. Any where as at B, erect the Perpendi- 
Fig. 40. euer BC, and ſet off the Diſtance 2700 from B 


to C. 
10 With the difference of Longitude 4200, and one Foot 
in © aß the Line AB in A, and draw the Line AC. 
4. With the Chord of 60, and one Foot in A draw the 


Arch u.. 
Ide Angle at A meafiired on the Arch de, is 40 Degrees, 


de Compleinent of Latitude required. 


CASE IV. Two Ships ſailing directly North or South, 
(bir Diftdice in me Parallel given, to find their Diſtance 
m another Paralltl. 


Suppoſe tb bigs in Latitude 50 North, Uiftant- £00 
Miles, they both fail dire y ' Nor into —_— 73 


North; their Diſtance in that el is requ 
2. With the Sine Complement of the — in which 


their diſtance is given, (viz. Sine Complement of 


Fig. 4a. 50, which is Sine of 40) and one Foot in A, de- 
ſeribe 


Sect. VIII. Parallel Sailing W 29 


(ribe the Ach DE, gu tht et an 
that Parallel 200 from O to K. off of 2 

2. With the.Sine of go draw the Arch . 
From A through D and & d the Lines 4 Þ and 


4. With the Sine Complement. of the -oiher Latiinde, 
= 3 (which is the Sine of 17) and ene Foot in A 


draw e Arch BC to cut AFinB, eee 
BC. 
The Line B; C m@dfured on dhe ſame equal Parts from 


Here is given AS 6 
each Latitude, and the Side BC their diſtance 
in Latitude 50, to find their Side-4 C their Fig. 42 


diſtance in Latitude 73: So that here is two 


Angles and a Side oppolite to one of them 8575 
the Side oppoſite to the other, by Caſe L of 2 — 
Triangles, to which I refer you. 


CASE v. Two Ships in one Parallel with their Pi- 

fance in that Parallel given, ſailing both dite Nun 
vr South, and ban their Diſtauce anne 
tium, 1% fond the Parallel come 40. | 


Two Ships in Latitude 50, diſtant 200 Mes fail 
North, till they are but 91 Miles diſtant 3 I demand the 
Latitude come to. 

1. With dine Complement of go, and -ave Foot in 4, 
draw the Arch O Kg, and gt af 200 from Dto | a 
E, being the given diſtance in that Parallel. Wg. 4 · 

2. Through D from the Point A:draw | we = 
Line A F, and from 4 'theovgh I draw 40, ihaving dan 
drawn the Arch #G with the Sine of go. 

3- Biſſect FCG in n, and draw the Parallels 7 b nd 1, 
diſtant from Am equal to half eee 
come to, viz, half gr, which is 45d 2. jay 

4. 


30 Made Latitude Sailing — Chaþ) T. 


4. Obſerve where theſe Parallels cut the Line AF and 
AG, as in Band C, therefore draw the Arch BC and the 
Line BC, and tis done. 

Then AB or AC, taken in your Compaſſes, and applied 
to the Sines, will reach to the Sine of 17, the Complement 
of the Latitude required)” mmer 


is 73. | 
| | Triangle Sie, the Triangle in Caſe IV. in 
ET — is given the Side B C 200, their diſtance in 
Latitude 50, and the Angle oppoſite viz. at A the Com- 


plement of that Latitude: There is alſo given the Side 
AC, their diſtance in the Latitude come to, to find the 


Angle at B the Complement of the Latitude come to; ſo 

that here are two Sides and an Angle oppoſite to one of 

them given, to find the Angle oppoſite to the other by 
if of I Plane 7. NT G | 


* 
$ 4 
lis a 
— RN 
* 


ser. * 


1 


3 


Middle Latitude Sailing Geametricl. 


HERE are dd Wer of proj Mid- 
| dle Latitude Sailing. I ſhall ht trouble the Reader 
with them all, becauſe many of them are altogether uſeleſs 

and impracticable at Sea; I ſhall therefore only inſert 
thoſe Methods that may ſerve as a Demonſtration and 
Proof of the Proportions laid down in the Trigonometri- 
cal Part of Middle Latitude Sailing, and omit the reſt ; 
being unwilling to put che Reader to the Charge of any 


The fr but what — be uſeful and profitable. 
Proportion mentioned in Midale Latitude Sail- 


in N is, As difference of Latitude to diffe- 
rence of Longitude; ſo Sine Complement of Middle La- 
titude to the Tan gent of the Courſe. Or (which is the 
fame) As — of Latitude to Sine Complement of 
Middle Latitude; ſo difference of Longitude to the Tan- 


gent of the Courſe , 
The firſt Queſtion there is in Caſe I. One Latitude, 
Courſes 


. 
9 * * 
* 


Ka. IX. I Lua, Sailing ek 37 

Courſe and Diflance g wen, to the other Latitude, | 

4.25 e of Fe ary * 
A Ship in de 50d. om. North, ſails, N. E. by N. 

987 Miles; T demand the Latitude come to, with Depar- 
ture and Difference of Longitude. 

Note, I ſhall inftance, in this Queſtion, Examples of 
all the different Ways that I ſhall inſert for projecting 
Middle Latitude Sailng, and — n g the Pro- 

rtions generall uſed. therein, uppoling it too tedious 
2 inſert all the different Projections and Demonſtrations 
in every Calo thereof, ue e Troptrtion above 


mentioned. 
N Geometrical Conftrudions. "EY 


h Draw the North and South Line A B, and ot ds 
given Courſe and Diftance lay down the Tri- + 
— ABC, as in Plain _ —— 9 He. 44- 
Caſe I, and hig thus foundith ifference of 
Latitude, and conſequently the 1 come to, and 
Middle Latitude; r of the Complement of 
Middle Latinble to to h, and ſet off the Radius, 
or Sine of 9o, from A to e, and erect erect the P 
hi and e parallel to to B C, and co ntinue BC at pleaſure: 
Then obſerve where the Hypotenuſe A C cuts the Perpen- 
dicular g which is erected from the Sine of ) as ot; 
| then take in your Compaſſes the Extent # lace 
from h to i, i IEP. i. draw the Ly abs 
- cut the Perpendicular BD in ps 1003 
difference of Longitude required, and BC 8 is the De- 
Sparture, and AB 821 is the difference 
e A C 987 the Diſtance, and the Angle AC 


. is the Courſe from the North Eaſtwards, or 


Now A this is a demonſtrative Proof of the 
or rtion before mentioned, is evident; for as A 
the di of Latitude to 4 þ the Sine Com plement 
of Middle Latitude, ſo is B D the difference of "Loop! i. 
tude to h i, which by Conſtruction is always equal to Fi 
hy NR rſe: And that it is, As AB to 
Ah, ſo BD to hi, See Euclid, lib. 6. Prop. 4. Therefore 
as difference of Latitude to Sine Complement of 2 


32 Mall Lats Sailing Gemetrical, Ge 1. 
— wo ſo difference of e 10 Tapgent of the 
u 
-* Another Proportion | is, ie Ying Complement of Middle 
Latitude to Radius, ſo Ly: to the difference of 
Lonzitude, which may 15 be projceted and demouſtra- 
ME. 4 one Right-an e to whichf, we affix 
ber Right-angled Triangle; which js common w-Plone 
PERS as Rading jo, the | Niftance, ſo is Sine of 
* to the Departure) making tbe Perpendicular, 
— is the Departure common. 0 both, 'you will thereby 
have conſtituted an Oblique Triangle, whoſe 
between its oppoſite Sides and Augles plainly proves the 
third Proportion, viz. As Sing Complement of Middle 
Latitude tp the Sine of itbe Courſe; fo is the [Diſtance to the 
difference of Longitude: Ori(which is the fame) As Sine 
Complement af Middle Latitude to the Diſtance, Jo is the 
Sine of the Ogurſe to the difference of Longitude. I hall 
inſtance in the firſt Caſe before mentioned, where one La- 
titude, Courſe and Diſtance is given, to find the other La- 
titude, Departure and difference of Longitude. 
A Shipin Latitude 50. om. fails N. E. eee, 
T demand as above. 


With td Courſe and Diſtance 
| E - -- the ED lan e as in neg RY 
Fig. 45. Caſe I. and Sig found the difference _ of 
Latitude, and ,coniſequently Middle Latitude, 
which in \ thi Queſtion i is $69. Sim. therefore draw the pe 
O io make an Angle of 56d. 51m. with the. Line CB, and 
draw the faid Line CD, ail it cut the AB continued, 
then is CD 1003 the difference of Lorgituge. . 
2 if the Angle B C. D be the Midgle. Lati 
| ang BD mu needs i he Campiemat.of Ml 
de, becauſe DBC is a Right-Angle: And 
BC being the Tune, is .,copmon to. both 8 Lee 
therefore a8 in the Triangle 4 B C it is, as, Radius 4 R C 
to Diſtance AG, © is the Sine of the Courſe;B AC Depar- 
ture BC and then it muſt, needs he. alſo, As Sine of BOC, 
the Camplement of Middle Latiusde, to its oppoſite Side 
BC the Departure, ſo is Radius DBC to the difference of 
Longitude DC. : 


4 


ſow 


* ber 


5 * 
* 


. N. Midi Latirgde, Sailing Geometrical. 33 
" AR projected by Conſequence a Demonftr- 


Bor —.— As "Sine Complemegt of 
Katitude to the Diſtance, ſo Sine of the Courſe to 
Wifferenc itude : Or, as it is exprefled in the 


2 ſhall inſtance in the 8 Caſe. A Ship ſails 
om Lat. 50d. om. North, and fails N. W. by N. 987 
ies L the Latitude ine to, with Deparnee 


Difference of Longitude. 
Wich the Chord of 60, and one Foot Hr H draw the 
mici AM E, n 2 

t A, make an e of 33d. 4m. t urſe a 

IV and lay denn dw f Raug ABC, with ' Wm: 


he Coutſe ahd Diſtance, as in Plane Sailing; and having 
ound the Middle Latitude, which in this Queſtion is 
6d. 51m. ſet off the Chord thereof both Ways, from 
to I and K, and draw IKE to cut HM in L; then ſet 
e Diſtance LM frem A to D, and from B to E, and 
ontinue the Line M H till it cut the Line AC, as in N 
en from E erect the Perpendicular EG, and from D- 
rough N draw DG to EG in G; chen is EG che 
Pifference of Longitude, wn the Departure, A Ct 


1» 


N 
: 
f 
$ 
| 
| 
* 1B 


_ ing f nd. middl Lade 
Fig 4. ing fou g We e 


* 


A Lau elt Geometrithl Ia 


.* AB the e of Latitude n e Angle 
ane: + 2. Im A: ' ee 15 K 


80 1 20 d C 2 
ul mare am Qu 


C * 


** 


gain 


w if e küren Courſe” and Piſtance lay down the 18 
* 1 ABC, as in "Plane ET hay- 


Latitude u n. the Line A! from A tc , a 
Arch „ then with th e* "in, you | 
-paſſes, and, one Foot in D, extend | other long th 
Arch D E to E; and draw th E ine DE equal to Eu 
throug h E draw A E contifui and then in e Sine of 
o, e Fob in draw e Arch G it cut the 

ine A E continued in H, and draw the Line OF, . which 
n on the ſame equal Parts from which were 
projected, gives the Longitude required. 
1 — my cog 17 1 to entertain he Rea- 
er with Variety ; and I ſuppoſe it al ether 'icedleſs to 
Inſtance in any more Calls; it bling very from what 
is given in any other Caſe, whether both  Latitudes, and 
Courſe, or both Latitude and difference of Longitude, .&c, 
| „ the W Prafg will nk 
on ent. . 


. ſet off the Sine of pj ugg 


* * ar 


p "Ine . * _ 
«Yr | ; $2644 "> er * ont 
11 _ : * : 
4.4 + : , 
N a 
_—_ . 35 * "$4 £23 
: , . - 8 
=y 


E n AS oy 


Ie) 
M avigation q _— 
| 18 , 
1 rn — — 8 | KA 2 4 42 
8 4 —_ * 1 614 T1 ” ITO BOT $193 » 
's x b r. I. * 
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| Plone Trigonometry. | 15 on 
122 the Salitiot of all Plane Tags en a 


angled or oblique, there are always three things Lis 
to find a fourth, ſuppoſing the Radius in ri 


Triangles to be always given or known; which ce 00 ö 
Terms are the firſt in the 
required Term is always the fourth or was ud th 


always to be placed in ſuch an Order, that the 

may be, as firſt Term to the ſecond, ſo the third to 

the fourth: And before the admirable Invention of 

garithms, the Method was, as in other Caſes in the 
of & Three, to multiply the two laſt Numbers by Lo 
and divide the Product hy. the firſt Number, and che 
Raps was the Anſwer to the Queſtion 37 but by the 
of Logarithms the Work is much facilitated ; For 
ſet down the Numbers in their proper Order, and 
their ithms them, as you ſee in the follow- 
ing Examples in Plane Sailing, you have no more to da, 
but add the two laſt Logarithms of the three that are 
bo and from their Sum ſubtract the firſt, the Remain» 
is the Logarthm of the fourth Number required. 
, obſerve in any three given Terms, where 
— ius is the firſt Term, you need but add the two 
laſt together, and from the Sum abate one towards the 
Leſt-Hand, and the Remainder is the ithm of the 
ſourth Number required. But if Radius de the ſecond 
or third Term, place one on the Left-Hand of the ſaid 


D 2 W 


36 Plane Trigonometry by Logarithms. Chap. II. 
i third or ſecond Term, not Radius, and from that Sum 
i ſubtract the firſt „ >" py" pole the — 
1 of the fourth Term requi But if of the 
43 be Radius, as it frequent ly h in oblique plane Tri- 
angles, but that every Term the Logarithm, Sine or 
Form + ſome — Ts ee or Number, then 
erm, whether ume 
be, l e Tang ce is Complemene Arith- 
metical, which | is done —— — at the Leſt- Hand, and 


_ ſubtrat- each-Number 
which ſu from 10, and 


— 11 ICTs MD TSETS | - * | 4 
CASE: 1 1 2 I | 2 


| marita IL. 


Given 5 2 | 
1. Making the BC i 


Sine of che Angle at A, andthe Leg AB is the Sing Cont. 
lement of the ſaid Angle, by the Explanatios of Axiom the 
rſt; the fin Comglans As the Radius to the Hy- 

plement 


potenuſe, ſo the Sine of the Bange at A, y 
the Leg AB. 


Again, As the Radius to the Hypotenule, lowe Sine of 

| the Angle ar A, to Leg BC. 0 irg p14 
2. Making the Baſe Radius; the Perpendicular BCis 
| the Tangent of the Angle at the Baſe, and the Hypote- 
muſe the Secant of the ſaid Angle. By Explanation of 


Axiom the firſt, therefore the Pruportion is, As the Se. 
= cant 


rere e = TW MW, 7 OO TIT 


Sec * en r . wy 
cait ET Ran e 


=At 117 the Hypo- 
Tags N 


| n — 


ret 


making the nas Koning 
be a Secant. bn. þ £15 as. 
In this Part] have purpoſely omitted the Operations by 


Logarithms, inſerted-at large in Plane and Mer - 
catar 's * the Lon of; 4 "90 a 


metry to Navigation-z but the 
— >> 94 24 wtf Pl Pas 7 


ven the Courſe Wich! is the * emu and con- 
— its Complement (che other acute Angle) and the 
Diſtance (which is the Hypotenuſe) to find either Leg or 
both (which. are Difference of Latitude and Departure) 
and the Rules for Calculation are the ſame: 


CASE IL ' Given the -dngh at & ends l Abe 6 
W 


and the Hypatenuſe. See Plane * 


Caſe l. dag 


-A l 


lr che kappen Radius, the 1 iven I 1700 
10 — — of the Anale at A by the n. 
nation of Axiom the firſt; therefore, As Sine Co 


ment of the Angle at A to the, Baſe, ſo is Radius to the 
Hypotenuſe. 

2. Making the Baſe Radius, the Hypotenuſe is Secant 
of the Angle at A; therefore, As Radius to the * ſo 
Sccant of the Angle at A to the Hypatenuſe. 4 


CAS E III. diu it! Agi at's Lag, i . th 
e W. Oiven the Tag AB, as before; . the | 
2 


* | „ 


Nate, Each Caſe here always refers t ro = fame Cafe in 
Plane Trigonometry Geametrical both in Kite e and 


Oblique. 


D3 I. 


i 2302 euer pe ol 


Radius, the given 
t of VR, nge at A, and the required 
ine af f the 1 gle; Hun : as Sine 
A to Leg, B, 60 Sine of the 


8 "rs *I 4 N 01 tg! 32 


ge x 8 0 us, the BC i is che Tan- 
. of the Arie uf Bye Rai 26 to che 'Leg 


A, ſo Tangent of the Angle at A tothe 5606. 
Nate, . theſe Caſes, the ſecond 1 6 are cal 
a tained in Caſe II. of Plane Sailing; where Angles and 


1 Courke and Difference of N 
de find the Diftance (which - is dhe Hypotenuſe) by Cale 
the ſecond, and the other I (Which ls the Departure) by 

' Caſe the third. They are alſo both comprehended 


the third Caſe of Plane Sailing, there . alſo _ 


and a iven, viz. Courſe and Dey to find 
ſtanc e iference of Latitude, 


"CASE IV. Given the 4 
Angle. Given Hypotenuſe AC a pe ft AB, 1610 


| _—_— Hypotenuſe Radius, the Leg A B will 
be the Sine Complement of the 175 Angle ; therefors, 
as Hypotenuſe to Radius, ſo Leg Sine Complement 
of the Angle at A. 
2. Making the Baſe Radius, the Hypotenuſe is the Se- 
cant of the # Angle at A, therefore, as the Baſe A B to Ra · 
— ſo the er the hrs ern 
at ny #14 
CASE 8 Given the H maſt % Lig 1 the 
ather Leg. Given AC and A B, required 


1. "Making the Hypotenuſe Radius, the required Lek BC 
is the Sine of the Angle at A ; e having found 
the Angle at A by Caſe the fourth, the Proportion is, as 
Radius to Hypotenuſe, ſo the Sine of the Angle at A to the 
Leg BC required. 

2. Making the Baſe Radius, the required Leg B C is the 
Tangent of the Angle at A, therefore having found the 
Angle at A, as before, the Proportion is, as Radius to the 


* ſo Tangent of the Angle at A to Leg B C required. 


” RR” FF mr "mw Ew WP 


enn 


> Fr Fu 8 


a0 L b 39 


. Theſe; two Caſes ate in comprehended in the fourth 

and fifth Caſes of Plane in each of which there is 

given the Hypotenuſe and a Leg, to find the other Leg 

and the Angles. 

Nite; It is moſt uſual, in moſt Caſes in Plane Sailing, 

— work after the Method here | delivered, making the 
tenuſe Radius, becauſe that way of ſtating brings it 


— known ä of apa Sides to oppoſite 


** 
© % +: 4 . 8 * g „ T % © So k # . CT 2 
1 q * . 
s% *E IL 2 4 G% & vv 


CASE VL The Legs given, to | the Angles Given 
eie * BAS: N 
22 on Hs Ad ow oy py 
Vn When » Side is/required,. any. Side; ma 
Radius; but to ET an A a 1 Side 
Radius; and here bein obliged to find an An 
can find the H w ny AB Ra- 
dius, and then B C is the * ent of the Angle at A. 
Therefore as A B to Radius, fo n of the 
, | 


CASE Vu. Given ub Lap to out * — 
Given, AB and BC, to iA C. 


Fig Find the Angle at A as before, and then, 
Making the Hypotenuſe Radius, the Baſe AB is the 
Sine — and the Perpendicular B C is the Sine 


of the Anglo at. A; therefore, — — of the 
Angle ut Ato-the Ba AB, 4 to the Hypo- 
153 5 8.00 uired. Or, Sins of the Angle A the 


adius to the Hypotenuſe required 
* Maki Baſe Radius, and having found che Angle at 
A, iv as Rain ot to the Bae fo the Seca of he Angle 
at A to the 


Theſe two Sas — both contained god the ch 
Caſe of Plane Sailing; and if you carefully obſerye..the 
Rules laid down in the Beginning of Plane Sailing Geo- 
metrical, about the Application of. Plane Triangles to 
Queſtions in Navigation, the Connection between them 
will appear ſo plain, and the Directions given in one 
will be bo ſo plain and pertinent in the other, that there 
4 needs 


N 
* 


40 OMIitie THgonomtthy by"Logarithms, Chap II. 
moods baiee is be GIO eee 


* wok 44 9 3 $344 


of . = 
Of Oblique Plane Triengls. 


La se be le 
* Triangles, becauſe we have them not anſwered 

elſewhere in this Book, except in ſome Que- 
Lions a e latter Ed. 


CASE L Te Airs e 2 
eil il oi rene. 


The Angle at A zod. om. np... „ 
Given 9 The Angle 1 98 
CR BCN | 


* | 
To Side 0 . 7 —— 


80 Sine of — 45 OO — 9.890 
Te Side oppolite AC required 410 | — E 


Niue, Bere being no Radler in this Propertion, T have 
taken the Complement Arithmetical of the firſt 
and added all the three Sums together, omitting one to the 
— according to the Directions N 


and * * W 


C3 


„ ” 2% IE 
— 4 3 8 


e 


* 


SU Oblhie 


CASEML J Sides uam Hh 
Te A 228. Papi aue 
N 54. om. 0 


Given 


By Avien the Send. 


As Side A 


So vide AB — — 


W — it 1 
Te. . | 


*L 6 YA 


| —_— —— 


40 — 7.387 
To Sine of the Angie I 43 0 — — 2143 


8 1 4 Mo #7 HS 
2 


Co. . 


E ORITS ns 4g 


ul to now whether the Angle 
which if acute, it is 
7 


or obtu 
is found by 
der 105d. 2m. is the 


fa 


* , G 
* 5 7 48 Ne: . 
+4 * 4 * IS . : L 


de acute 


CASEII. Given two. Sides, and ve | 
| nn anne ; 


The Side AC Required the Side BC, 


The Side A B — 560 
nm 
The Angle at B 45d: om. 


Find the An 
acute, is 744; 58m 


at C, as in 
it; then Rn ang Bog Oh C- 


H. which, if ſu 


ven, the third is found by Subtraction to bo od. 2a 
Then by Aniam the Fab: 


As the Sine of B 


To Side oppoſite Ac. 


am 


— — 


So Sine of A 
Jo Side oppoſite 
But if the 


4 TS . „ 
2 4 
> m. 


Angle at C had been ſup 


* 7 . E 
inn 


. 
45 0 — 0.18051 


410 — 2.612 
— 4 78 


2 —— 0.03767 
82 Are | 


ppoſed obtuſe, Viz. 


Iogd. zm. STS have been 29d. 58m, and 
As 


then the Operati 


— due. 0 ches. ; 


. yy G. +. ! 0.15082 


A EST: 410 —— 2.61278 
So Sine 5 . er 309058 


5 — 290 FEM 8 2.46183 


CASE IV. Given Twe Sides | . 
ae 


The Side AC — 410 
8 Side AB — 360 . 
* he Angle A god. om. EY AA ei.” | 


By Axiom the third. 


As Sum of the given Sides — 970 Ce. Hr. 7.0132 

arg . 2 7 25 23 
—— ate + 7754 om. ia 1 —=19-67196 
To Tang. a rde une th . n 


10 Der . 2 ed 
40 Side 


The Sur is the greater, Angle C—=— 104d. zom. 
To Difference is e © 45 I 


CASE V. Tie Sides g, contained gl gion, to fd 
the third Side. 


The Side A C 4 10 
e Requird the Bide BC- 


The Angle A 3od. om. 5 


Find the AngleB by Caſe IV. viz. 45d. im. Then, 


_ JW © 
To the Sine of B . wn 45 1 Co. Ar. + 01509 


To the Side oppoſite A C — ne — — 2.6127 


| "ou Side oppoſite BC 


— 4 


OC ———_——— 


20 .. — 2.46214 


CASE 


9. 1. r ens Sbm vba 
0 452 VI; m 9 — 


120328 FLY WS Tl © + 


: ti 7 513 * 
> Required the Angle,at A. 
SD 3760 — 269 U 7 
S101 4\% 
ebendieser c ue Angle, upon 
AB the grate Se by kan the fourts * 
a 10 Doane 9. - 
40 As the Baſs A B * I bea. 
To the Sum of the Sides AC 410, N 5 OY 
and C B 290 8 84609 
So the Difference of the ſaid dides 120— 20—2.07918 
To the Difference of the Seg- Nx 
ments of the Baſe Ab * I 50-=2.1760g 
rann added to half the. Baſe 280, the 
Sum 355 is the Baſe A 
The half Difference 75, ſubtracted from half the Baſe 
280, the Difference 205 is the Baſe E B. [ pf 
Then in the Right-an be Ange — E Shen AE 
355, AC410; to find 


9 Go. fo 

As AC — — — 
To Radius— — god. om. 10.00000 
S80AE — — 35 5 — 255022 


ene. 30 1 =9:93744 
dub fame manner youmay fd the Angle E. 


Sz cr. III. . Auk 
— Plane Sailing Frigmametrical, 


0 wwr_ Logs yew, 


A Lou gh theM ethod here propoſed bs avant Bc 
without the Trouble of ithms, Sines, Tan- 


gents and Secants; yet I ſhall by the way ſet down an 


Pas - 2 8 
— . * - 4 o 
' - 
- - 
45 4 3 
- 
o 


, — 
* "uy 
* 0 5 = 
q 5 bi 
y « 
k * 


2 1 WK | 15 | 
. Par * Sailing 75 75 8 Chap. 11. 
B ee both in Plane Sailing and 
, according to 2 and common Maus 
— y for he bop of tall ws He chrongh Neg 


3 ſe, have forgot at 
r but that in 


| . Sailing. 
c A 8 * IL. Conrſe and Diſtance given to fd Difference 


. Teguur and Departere. 


A Ship ah N. w. by N. 123 dine, demand bis. 
rence of Latitude and 


At for the Difference of Latitude. 


* 


So Sine Comp. of the Cours 56 2 2.92985 
To the Difference vf Latitude n 2.009% 5p 


ae _ . 9 RO ae + — oe -- Far _the . Departure... — — > * 
: * 


| - d. M. | "Co. Ar. 
As Radius — =. © "go 00 ——10.00000 
To Diſtance ſaile(t TIDY  n—_ 2.08990 
So Sine of the Courſe — 15 — 9.74474 


To Departure — 2 — oy 3464 


_. Example 2 A Shi ſails South 2 
. I demand Difference of I 


2 


For 


Plane der T r1gonemetrical. 7 3 


ee 94 


eck. . 


„ Bir the Difference of Ee. 
: | —» > 80 291% 2A 
| — d. ; Mm. 25119127 oF 
AKT 0 ro, οοο 


— — 95 — — 1 22 
To Dice Gl of Cour bg 00 — — 9. 572 
To Dif. of Latitude X% wa 87 — 193955 
For the v. e 


vid „* 
As Radius ſp W e ro. oo 
To Diſtance fafled—== " 96 — 1.98227 
So dine of the Courſe — 25 0 = — 259 


" To Departure— 10 — 
CASE H. ce and Differmce of  Latituds grun, 
to find n. 


A Ship fails S. W. by S. till her Difference _—_— 
be 174 Miles; I demand har Tifance and iNegartune,.?. 


As Sine Comp. of Courſe, — 56 15 — b 
dee Latitude —— 774 — . 
Te de Bitnce — 209 . g * 70 
er — 100 4% G 
. Fer the Departure, 
_ 0. m. | Co. Ar. 
As Sine Comp. of Courſe 56 1 — 0.08015 
To Difference of Latitude 174  ——: 2.24055 
| Sa Sine of the Courſe —33 4 — 274474 


To Departure — 116 — ee 


Erample a. A Sbip fails North 38 2 Weſte 
till ſhe raiſe the Pole 2 Degrees; I demand how far 
hath ſalled, an]! how much ſhe is departed from her firſt 


Meridian. 
The 2 Degrees of Laiitude reduced into Miles, is 120 
A 


Miles. Then for the Diſtance. 


7 


. * 
tf A 


* Chap. . 
; 


ö 46 Pl Sale 7 tene 


| 1 ins, 4 — — 9.8065 
Jo Difference of Latitude — 20 — 9 72 


d. m. 
As Sine Comp. of Courſe, — 52 00 IW 
To Difference of Latitude — U 120 — 2.0 ? 


To Departure — — 5 — EE 


CA E, I. Courſe and Deportare given, ts 
c 8 Meme of Latitude. n. 


A Shi Dt ain Deities Miles 
1 demand her Bib and Difference of Latitude: x0? 


yo the Diftance. 


. m. 


Dore — 2 2.012 
- So Radius — 90 OO — — 


"To the Diſtance 188 — 2.26810 
For the Difference of Latitude. 
4 M . 


As Sine of the Courſe —33 45 — 25526 
To 103 — 2.01284 


Departure 
So Sine Comp. of Courſe — 56 15 —— 0.91984 
To Difference of Latitude — 51 — 2.1794 


Example 2. A Ship ſails North 19 Deg. . 1 Min. Eaft- 
erly, which is N. N. E. 4 Northerly, till her Departure 
be 72 Miles; her Diſtance and Difference of Lui is 


Fir 


10 


. . 5 ; WEIS DER 2 * a N h 
Seck. 1 Plane Sailing Trigmometrical. 47 


r n 
De Td Un n ſ boMts fly d. m. 


31280.5 3 8 beg a3 ef, 
05000 07 ww 00 - 2a — I 
A. Sine EY 92 2 — 9 19 41 ME _ 0472 GS 
e _ —_y;7 1 — 
80 Sine Comp Courſe 70 19 — . 25755 
To Difference of Latitude 201 ͥ — 2, 230378 


CASE IV. Difance,and of Latitude 
| ede, lere, ah ves 


: 0: . 
A Shi — the North and:Baft-rv0-Miles; and 
then fin ———— — raiſed the Pole one 
31 


re. 
2 —— Latitude reduced Ir or Minute 
is 60. - oat +. 
Then for: le Cult. 
As the Diftance © + * > 110 — — 24139 


To Radius —— 90d... 00m. TO,00000 
So Difference of Latitude, =. , 60 2 97257 
To Sine Comp. of Courſe 56 57 — 9757 


Which is N. E. by E. mr” or N. E. by Ei ih 


Eaſterly. 

For Departure. 
| Vo — 1 d. m. P 0 _ 11 
As Radius — — go 00 — ; 1 O, QOOOO 
To the Diſtance - — 7 — 2.04139 
So Sine of Courſe — 56 57 — 92334 


To Departure- 92 M 1296473 


Ex- 


Example the. Second. 


A 
TS be 103 Miles, and 


E 


—— ru ——- X —— 
” a * * 4 « : 7 * * % 
* 3 mn — g . ® 2 "ET SE. 4 1 1 
»f * 


As the Diſtan ee. m7 — 2.06818 


To Radius 


7 
As Sie ofthe c. ————— 9.67609 
—— — [7 — 17447 


„Fr 


Eaſterly, and the Departure 35 Miles 3. 


CASE- V. Difance and - Departure givin, a 
2a Corſe, and Difference „ Latitude. = 


A Ship ſails between the South and Wet 124 Miles, he 
e Mike 1c I demand the Courſe and Difference 
of Latitu | 


For 4 Courſe. 


As the Diſtance — 124 — 2.09342 
To Radius | Yod. om. — 10.00000 


So Departure —— — 95 "EE 
To Sine of the Courſe — 50 0 — 9.88430 
Fer 


— 
: 
+4 


7 ? onometr ic | 8 
| | * * 2 : ws 
«444 * 4 = AX f "A "IT 3 N 
o % # : .” 4 F : 0 0 * 4 : A 
& F #5 « PF 14 wy * 1 * - ISS: 


fails between the North and Eaft, till her Diffe- 


wad CO =? me 


2 


fe 
or 


R 


Fer the Diffarenct of Latitude. 


060 — 10. ooooo 


neareſt, the Difference of Latitude 80 Miles. 
Example the Second. 
A Ship fails North Eafterly 100. Mes; till her Departure 
be 38 Miles, her Courſe and Difference of Latitude is 
od, 3 
For the Courſe. 
As the Diſtance — 100 — © 2.00000 
To Radius god. oom. 10,00000 
So the Departure — 38 [U—j4V 1.57978 


To Sine of the Courſe 22 20 — 9.57978 
For the Difference of Latitude, 


To the Diſtance — 10 — _ 2.00000 
So Sine Comp. of Courſe ——=67 40 —— 9.96613 
To Difference of Latitude —_ — 1.96613 


The Courſe N.N.E. fere ; and the Difference of L ati- 
tude 92 f. | | | 


CASE VI. Difference of Latitude and Departure given, 
to find Courſe and Diſtance. : ths 
A Ship ſails between the North and We, till her Dif- 


ference of Latitude be 200 Min. and Departure 108 Min. 
or Miles; I demand the Courſ: and Diſtance, 


E For 


Ta — — 2.03342 
So Radius — — 2 — 


The Courſe N. N. w. — 4 Way 
the Diſtance 245 Miles. 


Example the Second. 


A Ship ſails between the South and V/ eſt; until her Dit. 
ference of Latitude be 309 Min. 3 205 Min. 
en —— and Diſtance. 2 


18 


— 


For the Gooſe. 
As Diff. of — — 309 — 4 


To Radius — — oom — ro. ooo 
Bo — * — 53 5 


cl As Sine of the Courſe —— 33d 41m — 9. 7430 
9 To the Departure — — 206 2.31 
So Radius =— 90. Op —— 10.0000 


To the Diſtance ——— —— 371 —— 2. 6988 | 
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at N.N.W. &c. and 


— 
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all the ſame Qi 
ven or 

4 points 2 2 
r 


4 
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. 
ip! 
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F 
4 


&c. 
Taten 
alſo by the ſame, a 


7 


'wi any 


e ben or A Nase 


etric ojection . | Scale 
menical (F alguiation | * 
if at 8 you 5 A } 1 


proceed to propoſe an Example, or two, in the ſeveral 
aſes of, £ | 


E 2 Ser. 


| ' * . * * , * 3 2 "* 
| & 
. = / 17% : I N. ** 2 7: 2 ' . s . * 7 
* 3 n — A * 14 x 


HN 17g a8 E C 1. IV. eee 


Alcan Salli Trigonometrical.”\ 


CAS E I. One Latitude, Courſe and Diftance given, ts 
ud ile other Latitude, and Difference of Longitude, _ -- 


1 N this, and the other Caſes, we ſhall have Occaſion to 
1 make Uſe of the Meridional Difference of Latitude; 
for the finding of which, obſerve, if two Places (whoſe 
Mleridional Difference of Latitude you ſeek) be both in 

North Latitude, or both in South Latitude, ſubtract the Me- 
ridional Parts of the leſſer Latitude from the Meridional 
Parts of the greater Latitude, the Remainder is the Meri- 
dional Difference of Latitude; but if one be in North La- 
titude, and the other in South, add the Meridional Partz 
of both Latitudes together, the Sum is the Meridional Dif- 
ference of Latitude; the following Examples will make it 
plain. by wk 2s W C [einquots 
A Ship in Latitude of 50d. oom. North, fails N. W. 
by N. 987 Miles; I demand the Latitude come to, as alfo 
the Difference of Longitude. i 


As Radius . — god oom — 70. ooo⁰⁰ 
Jo the Diſtance —— 987 — 2:99432 
So Sine Comp. of Courſe — 56, 15 — 991984 


I To proper Diff. of Latitude 820 ak 2.91416 


The Difference of Latitude 820 Min. divided by 60! to 
bring it into Degrees, is 13d. 40m. which added to 50 
Deg. (becauſe the Ship ſails towards the Pole, and increaſes 
her Latitude) the Sum 63d. 40m. is the Latitude come 
to. Then to find the Meridional Difference of Latitude 
between Lat. 63d. 40m. and Lat. 50d. 


Seer. AV. Mercator Sailing Trigonomethical. 5.3 
Meridiona Parts for Lat. 50 0 — 3425 


— 
Subt. one from t other, reſts Merid. Diff. Lat. — 1519 
Then for Difference of Longitude. 


114 | d. m. | | 

As Radius —— 90 0 10,0000 
To Merid. Diff. Latitude 1522 — — 107 181 5 
So Tangent of the Courſe 33 45, — 9. 34h 


To Difference of Longitude 1015 =—=—— 3.00644 


The Latitude come to is 63d. 40m. and Dif. Lueg 
ro15m. which divided by 60 is 16d. 55m. Welt Longi- 
tude, becauſe the Courſe is Weſterly. 1 


CASE Il. Bath Latitudes and Catrſe given, fue 
Diftance and Difference of Longitude. 


A Ship fails from St. Abb's-Head, in Latitude 56d. 25m. 
N. and fails away N. N. E. ſeveral Days, and then finds 
her ſelf by Obſervation to be in Latitude 68d. 3om. I de- 
mand how far ſhe hath failed, and 1 is her Difference of 
Longitude. | 


2 Wh as 45 Ee i rod at 


Meridional Parts for ' =——— 68 7” — 5772 
'Meridional Parts for n 56 25 — 4119 


Meridional Difference of Lat. 1593 
Proper Difference of Latitude 12 „ eee 


* Ir the ? a 


„ „ „ 


d. m. M 01 
As Sine Comp. Courle, ſc. — 22 30 — 9.96567 
| lo proper if, of Latitude — 725 — 2.86033 
So Radius — (D 90 00 — 10. ooooo 


To the Diſtance — 785 — * 2.89472 


E 3 | 


$S 8 eee ane ue d 
| Per the Dns, Lari. 7 

8 4. m. 2 
As Radius 10. 00000 


To Meridfafy DIR Laws 150% — 3.2022 
80 Tangent of the Courſe 22 30 9.61722 


To Wea of Longitiile=— 65—.— "281943 


_ FI; ier pi — — 


ing — SE Nr A eh adde te 15! 1 


7555 of St. fs 6 e Ea fro Sh \Tene- 
ich being f bd, fe i Longitude 7 9 Faug 


_ _ 2 us, find in 15 80 

an 'G — 1p 18 

you recko 105 I IT from is ATT 

_ dene Fol ue is 
$3E, It, Oe 1 '\ * 25 4 * z all 4.25 110 
1 given ; to find the other FAS in jab 


oy in Latitude 50, ils N. N. W. til 5 Hike 
rence 3 
the other Latitude anil 


Per the other Latitude. 


© As Tangent of the Courle 4 38 2&0 361722 


To Difference of 3 420 — 2.62324 
80 Radius 90 Ob — I0,00000 


2 Meridional DIE. La Latitude 1014 mmm 3.00602 
Parts anſwetinf ts de Hod. Gm. 
Kats 8 — 5 it E _— 592 


Walch found i in the Table of - Meridiona * Ps 
to 59d. 4om. the Latitude come to. Then 


1 * . A. * * * , I "TT E N a HO EY 4 bu * * TY E 2 - 2 — 88 = n P * = * 4 * — * 
4 8 2 , * . * 2 
jp : C a < 
- % * | YZ . N 1 
N . 
4 . A * = 
Sect. IV. * | . 
4 - 
- - F 
* 
For i ance. 


OT" Wk Wo 
R = — 


o the D — bal —— 2.79782 
ere 40m. the Diſtance 628 
ES, 


CASE IV. Both Latitudes dnd Diftith is fd 
'  -  - thy Gourſe aud Different of 


A Ship in Latitude 50d. oom. N. 2 Miles, od 
dien is; found by Obſetvitios 20 be in Tarktude » 3d. | 
— North. I demand her Cute and Dilference' of 


tude. 

proper Difference of Lautuds is lou 
tracting the leſſer Latitude from the 
mainder i» the Difference of Latitude * 
nutes, which —— 650, gives the 
Latitude in M 


Greater Latitude — god. com. 460 

Leſſer Latitude — 13 12 r 60 

W we 2308 Froper Di Lat. 
= 7 


Meridional Pars for Latitude - — — 50 00 — 4275 


1 Difference of 155 — — 2 
oper Difference of Latitude — — 


r 
«a. 1 Ya, ag: wo oY —_— 


— 


. cdloaoaly Dp. AE 


N * * F Fe OTE 5 r 84 
Pe * P 44. G l \ CITY 4 
= * W mM Gd "OE I" % 2 , \ + - „ * — ö 4 F A - bo 
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— N 1 % g * 
9 4 . 
. - 4 4 
. Z : : * p 
Wo} : > 
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—y— ——— 8 l 
4 — . — — n EY eo» 
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2 we ER — 


5 8 
For the Courſe. 


To Radius N al] OOm. — 25068 

So; proper Diff. of Lat. == 2288 — 3.34400 

To Sine Comp: of Courſe==="50 57 — 37533 
Feser the Difference of Longitude. © 


. 8 4 C 
7 o ” - « &# **® = 4 
. 


As Radiss. 90 OO — 10.00000 
To Meridional Diff. of Lat. — 2676lͤ 3-42749 
6 


So Tangent of the Courſe. . 59 575: 10.090 
To Diff. of Longitude 3298 — 3.51835 


In the four foregoing Caſes I have purpoſely omitted the 
Canons for finding the Departure, it being ' ſufficiently 


5 taught in the Caſes of Plane Sailing; and the Canons 
for finding it are exactly the ſame in hs to 


what is given. Nevertheleſs in all the following | 


(except the-6th) the Departure is given, and therefore 1 


ſhall make it one neceſſary Term in each of the enſuing 
Caſes: And when we come to the Practical Part, viz. 


the Keeping of a Journal, I ſhall lay down ſome eaſy and 


compendious Ways for reducing Departure to Difference 
of — both by Mercator and Middle Latitude, 
without any Canon. mod. c | 


Courſe, Diftance, and Diff. of Longitude. 


A Ship fails from Latitude 559. oom. N. and ſails between 
the North and Eaſt into Latitude 56d. 10m. N. her Depar- 


ture 50 Min. or Miles; T demand the Courſe, made, the 
Diſtance fail'd, and the Difference of Longitude. + * 


Fer 


U 


Sec, IV. 1 


Ys \ a —— 
| * 
- Y _ * 
Sailing Tyigonometrical. 57 
» e * 
* * 


As proper Diff. of Lat. 70 — 1.84509 
Departure 1 
To Tang. of the Courſe — 35 32 — 9.8388 


For tbe Diſtance. 


| | | d. m. | 
Sine of the Courſe 35 32 — — 9.76430 


For the Difference of Longitude. 
As. Radius. — 90 oo — 10001 


To Meridional Diff. of Lat.. — 124 — 2.09342 
So. Tangent of the Courſe — 35 32 9.8 5380 


To Difference of Longitude — 89 fere— 1 94522 


Or, which is the ſame. 


As proper Difference of Latitude-— 70 Co. Ar. B.1 8400 
To Meridional Difference of Lat.— 124 469542 
So Departure — — eee — 2 
To Difference of Longitude 89 fre — 1.94738 


CASE VI. Bath Latitudes and Difference of Longitude 
given, to find Courſe, Diſtance and Departure. 


Suppoſe two Places, one in Latitude 56d. 1 Sm. North, 

the other in Latitude 58d. 555. North, their Difference 

of Longitude 2d. 30m. I demand the. Courſe an 
Diſtance from the Southermoſt to the Northermoit, 


alſo the Departure. 


Proper Difference of Latitude 140 
Meridional Difference of Latitude — 260 


F : J * 
＋ 
a or 


I Merid. Dif. Lat. — 20 gi 
To Radius — god. oom. 70. 
8e Diff. Long. -. — 2 889 


To Tang Courſe — — 29 5337508 
Fur the Diftance. 


I Sine Comp: of: Codrſe 29 8 = 993 
. d proper Biff. Lat. — — 1 erz 
So Nds — 90 O = 165:06086 
To the Biſtane— — 161 — 2 


For the Depanturs. 


As Sine Comp. Courſe fe — 29 53 Co. Ar. 6:06 
| Jo proper oper Diff. Lat. 7 — Soba 
of Courſe ———— 29 53 —— 0.00749 


To Departure: — 80 — 795551 


Or, as Radius to proper Difference of Latitude, ſo Tan- 
gent of the Courſe to Departure. | 


CASE VIE One Latitinde, Cat Dera tie, 
to find the other Latitude, 2 fue, 


Longitude. 


A Sh in Latitude 3d. oom N. mails 8. S. W. half Weſt, 
till her rture be 60 Min, I demand the Latitude come 
3 —— fail'd, and Difference of Longitud 

our Difference of Longitude be Ea, Aud it 

eſt; ſubtract it from, the STalgrbe and from, 

— the Sou of Nemainder is the Longitude come into, if | 
you begin £6 reckon your Longitude from Pito THeriff, 

(which is ſeldom done) but if you begin yoitr Eo | 

at the Place failed from, (according to Mariner's 

3 Reftified) ny reckon your Lotigitude Eaſt or 

wy accordiſig to the Devotlharian of ** Departure, 
Whether Eaſt or Meſt. A 

* 


SA I. Me dhe Ph, 9 


"T2: 3 m. | 6 Ar. 
| As Sine of the Courſe —_— 28 07 cum 0.32673 
To Depamure hls 60 — 17781 
80 Sine Camp. of Courſe a 61 3 _9:99.546 
To Difference. of Latitude - 112 A0 


Difference of Latitude #12 Milts, or 1 or, I 
Deg. 52m. which ſubtracted from the de failed 
s 38 Deg: (bechuſe the Conrfe- 0 S0 Ne- 


r 
Then fer the Diſtance. 
As Sine of ths Bhthed _— 87 — 967736 
To e — — 1.77815 
80 ius 1 90 — 19. , 
To the Diffance —=—_ 127 — e 153 
For the Difference of Pongitade | 
d. m: 


As Radius === . 90 o I0,00000 
To Meridional Diff. of Lat. — 206 ——— 2 


So Tangent of the Courſe 28 07 — 9.22 
1 De of Lege S rie — fi 


Or F fur Hut. 


8. +. 
& e Nog 25 


94965 
_ — I $6 
. 


CASE 


. 


9 N che 


CASE VIII. One Latitude, Diftance aid U 
given, to find the A . Zee, Cur and Difference 


wa. e 


: | — Courſe, 
| As the Diſtance” i "IE * 


80 Departure — | 60 
To Sine of the Courſe — 26 


"vr" 
As Sine of the Courſe—— 28 11 
To Departure 60 
To Sine Comp. of the Cuurſe or 49 


Longitude, &c. 


| — 234 10.3 1 5 | 
A Ship in Lat. 334. * N. Aa eee e 


Wet 127 Miles, and then finds her Departure to be 1 * 
gree, * Minutes; I demand as above. 18 


1 


” 


— — 


For the Difference of. Latitude. 


— 95 +0 H. dab. 5 
As Radius — — 3 90 00. e οοοο 
To Meridional Diff. of Lat. — 206 2. 31386 
So Tangent of the Courſe — 28 11 — 9.72001 


. 3 He 


S 0 1 
©” V% 4 o 


2.10380 


To Radius 1 — 90 00 — 10.00000 


I. 7781 5 
9.67435 


7 


1755 


-— 9. 9 


— — — 


To Difference of Latitule— 112 — 4004898 
For 2 of Longitude. 


To Difference of Longitude — 0 2.04287 


The Difference of Latitude is 112 Minutes; or 1 De- 
rees 52 Minutes, which ſubtracted from the Latitude failed 
2 58 Deg® the Remainder 56 Deg. 8 Min. is the La- 
titude come to; and the Difference of Longitude is 110 
Minutes, or 1 Beg. 50 Min. which is to 
from the Longitude ſailed from, if you are decreaſing — 


ſubtracted 


Set. IV. Agger Tee, 6 „„ 


R te. goorh — e Far, . ee, 


* Ts — 


""The Table of Meridiane . -=—_ be l. 


le by be 


Table of Artificial Tangents; for every half Degree of the 
Tangents above 45 Anſwers to one Degree of, Latitude, 
(the Characteriſtick or Index of the Tang ent being reject- 
ed) and therefore to find the Meridional Sued 1 any 


Latitude, add half the given Latitude to 45; 


2 1 


Degree, whoſe hoy nk multiplied by 10, andthe Product 


divided 4 37, the 
that Latitude, which 


(nearly) the Meridional Parts found in the Table. 


uotient is the eridional Leagues be- 


by 3, gives 


Note, If you have a Table that hath 6 Figures, or 
more, in the Tangents, befides the Index, you may uſe the 
firſt ſix 1 and need not . them by IO, as 


before. * 


But — this Way i is not'of Vie, except when both 
i 


Latitudes are given. or found, to find, the ] 
vents anſwering to 


Longitude, ' ths” beſt to find the Tan 


ifference of 


doth Latitudes, and ſubtract the leſs from the greater, and 
divide the Remainder 376, which gives the Meridional 
Difference of Lat. in Leagues, (which if you pleaſe you 
may reduce to Miles, by lehne by a) without further 


Trouble. 


* £42 


In the = Queſtivn in the eighth! Caſe of ile: 


_ tor's Sailing 
to be 58d. om. and 56d. 8m. 


Half of 58d. om. is 29d. om. 
To which add —45 0 


rigonometrical, the two o Latitudes are found 


The Sum i 18 n 0 whoſe Tangent 18 542503 


Half of 56d. 8m. is 28d. zm. 
To which add =——45 © 


The Sum is — 73 4 whoſe Tangent is 516471 
Remains — — 26022 


376 


% 


260 in 1 
wn 20 Witch Ma ME oe 9 


re oe 


- © Anda 2 e e wich the Th 1 


coboÞoB: . . V. 
| Taro Te T _— rical, 


SY 988 
3 2 1 | 
73 ON be i, 1 1 hel ly 5 
e — 25 0 ngitude, Oc. of ts 
Die in the ſame Parallel or * I chuſe rather to 
_ it in ſo many diſtinct Caſes under that Head, and 
as before) ſet * an 38 in every Caſe, and 
— it the common Logarithms, c. 
Key 0 , A n & h 
a8 an erc n 
common Arithmetick. * 


CASE I. Two Ships ( ar Places)-in ae: Parallel, their 
Latituge and ea given, to find their Pina of 
Longitude, 


Suppoſe two Ships in rs 50d. oom. diſtant 76 
* * demanſÞ their Difference of Longitude. | 


To Difference of Longitude — 118— 2.07274 


The Difference of Longitude 128m. 7 40. A. 


CASE H. Tw Places in one Parallt}, their . | 
and Difference of Lyangitude given, to find their Di 2 


. is 22 the former Canon,jnverted, 3 as in the follow- 


weiße pr of two Ships (or Places) and their Diffe- 
rence of Longitude given, to their iDiftance. 


Example. Suppoſe 1 the Latitude of god. 
on. thee D Lo Lopgie 148m 3 I demand der 


The Difference of Longitude is 118 Min. 


d. m. ＋ 4 
A Radi us. —— go 8900 —V— 10.00000 
o Sine Comp. Lat. S. C. — 55 00 — 9.86806 


So Difference of Per —18 — 2.07188 
To the Diſtance | 20 —.— 1 87994 | 


c ASE. II. e a 
and Difference of Longitude given, 4% nd * Latitude 
they are in. 


Example. A Ship, fails = Weſt 2700 Miles, and then 
finds * Difference of Longitude to be 4200 Min. 1 


demand what Latitude the.Ship fails i 12 


As Diff. Longitudle 4290 — 
To Radius — 904. oem. —— TO coooo 
do is the Diſtance —— 2700 3.43135 


To Sine ö Lat. 8.C.—80 00 —— 9.80811 


£ "Cr 


* 4 wk u 
* 2 


= eee me Par eee an 


Jo Sine Comp. of Lat. fail'd 


— — —— 
— — —— * _y FY 
— A = — S . . ” &* Page q = 
— h —— — L222 - — — 


— 
888 % — 2 
+ hat 
-- * 
. 2” 46a 
a 9 —— 
2 — 2 ne Res — 4 
5 — 


os E W. Tue Ships iling direttly North er Soih, 


* in 3 Parallel 


_— 1 1 4 
* N. 


pl + Suppoſe two \ Ships i in Latitude « 50 deg. 


of? t 200 Miles, ſail both dire] 525 


3 * oo min. I demand their iſtance 


in that P 
d. m. 


: As Sine Comp. of Lat. failed from 50 00. Cor. 0.19194 


To their Diſtance in that Parallel 200 ́ . 2. 30103 


So Sine Comp. of Lat. fail'd to- 73 00 ——— 9.46593 


To their Diſtance i In Lat. fail'd tO - 91 — I 95890 


o As E v. Two Ships in one Parallel, with their Diftance 
in that Parallel given, e both direfth North or South, 
with their Diſtance in the Parallel ſail d to given, to find 
the Latitude come to. 


Example. Two Ships i in Latitude 50 > deg oo min. 
difiant 200 Miles, fail both directly North, till their 
Diſtance is but 91 * 1 demand the ends come 


to, 


This is but the laſt Canon inverted, vix. 


Co. tr: 


As their Diſtance in Lat. fail'd from — 200 — 7.69897 


from 8. C. 4800 oom — 9.80807 
Se Diſtance in Tar, come to - JI — 1.95904 
To Sine Comp. of Lat. come to 73 09 —— — 9.46608 


In theſe five Caſcs of Parallel Sailing I 1.5 ſet down 
but one Example in each Caſe, it being of no great Uſe 
in the Practice of Navigation ; and yet it was not fit it 
ſhould be omitted, becauſe of its Uſcfulneſs, as being 2 
good Help towards | right Notion and Apprehenuon 
cf the Terreſtrial Globe; for in Plane Sailing there is no 
eb thing as difference of Longitude, as diſtin from 


. | . | Depar- 


raue 1 Sailing g A: N 


"7 
* * 


sec, VI. "Ute bein e 2 


D here the MY ce between the one. 
the other is gland evident, the 12 ED | 


bony ſometimes twice of Hg as much 2s the 
it bearing always the fame P 2 to che D 
as Radius doth to dine Compleat 55 A as Par 
* Ceres T STEER \ = 9 
on inne =p 5 1 8 


221951 


nt. „ .. 
Middle Latitude Sailing T, rigononetricat. ; 


Lati * 
| 4 Hoe 5 Conformity e to wo the cee 


ſhall not altoget! 
it come ſhort Mere 55 Eo __ Sen, 
= exaQtly 


it doth” Fe Dare Moi BEE ir: 
. Sailing (which pole the — as a plan 


ficies, and the Degrees of EE and Late to 5 5 


every where ); and 
NE Fs Ede 
a ing (or ing a how in 
7 — to an | + fs 45269; ' Oar And 
7 the * — vane] of it, — rays to 
.GVET in ithe new way df withaut 
Candi, I ſhall ſhew how it may be done, nat anly with 
8 — — 
| if not exactly), De with Mercator, and © £6 
n with the lobe Itſelf, than what has bern com- 
ſe monly taught and practiſed in that & ind of: Sailing 3 but 
it ſhall refer that to its proper Place in the Second Part 
a hereof, and ſhallhere proceed in (as in Plane and {ergator, 
n &c.) to wark the — Caſes of Middle 1 atitude Sailing 
10 the common Way, and the Analogies or Proportions made 
m. Uſe of herein (beſides thaſe taught in Plane Jailing, which 


a- F are 


Male Latituds Sailing | 4 U. 


be and uſeful Pete as well as. in Aua, 

Ei AS W 
85 9 . ws eee ge 

* Bieren of Longitude, 


So Sine Complement of Middle x i bel l 
To Tangent of the Courſe from — 


5 „ 1 —— — — 


The other Proportion is, 
As Sine Complement of Middle Latitude 
2 3 | 
To Difference of Longitude 1 


And theſe Proportions may be inverted accordin 
what is given, and what is required by "Eutlid, 74 7 
Prop. 14 5 16, & Corol, always obſervin to, make the 
required Term the laſt of the four in the Proportion; 
As Suppoſe both Latitudes and” Courſe 'be wen, and 

Difference of LOOM, Wee, then te, We 


will be, 4 50h 1 
5 Se Complement of Mit Lttule | 
TOT 


angent of the Couſte, 2 
So Difference of Latitude -- - 101 1 
To Difference of Longitude, 


And fo in others ain be ans Operations will mon 


nr” xp alſo another Proportion of Uſe for finding the 
_ Courſe, Diſtance or Difference of Longitude, when any 


two of them, t eFroper with ary _—_—_— 


found; and the e er 


As Sine nn of Middle adde 

Is to the Sine of the Courſe from the — 
So is the Diſtance ſailed 

To the Difference of Longitude. 


* And 


Kc. WMI. femme, 6 


| To Difference of Latitude — . — 


tude is grounded upon the Midd 


-it; Arid ſo by inverting 


the 
n 3 them being 


CASE 4.7 One Latitude, =-5 G 
the other * cog a Dinas of 
<I> Luan, * * of 


ada N.W. 
17 N. 9 Ae I the 8 

by Bea, Pre r lag 

. 


Fe che Dee of Latitude. | 


r 


So Bine — of Courſe 6. 
— 5 * 2 
= 


The Latitide come te b 63 0 41 min. 
Fer the Departure. : 


Jud | " © WV 
118 — ; — — 
To the Diſtanee— by 987 — 299432 


So Sine of Courſe ö — 33 45 — 974473 


To Departure — , — > 


For the Difference of Longitude 


De this Cabon for find! the Difference of i 
ing Latitude, et og 


addi e two Latitud 
x Middle Latitude „ 


is always found b 
half 1 


F 2 N 1 


. f Chap. N. 
458 £2107 to 5: 1. ONS 22 n id of 3d; M- 
Thus is the only the Tired: ited ben LY 0 

The Latitude failed to is - — 

N —  Y aZ 


* Ine Bulk is x ba — —— 
The half of which is the Middle Lat. viz. 


The exact Half is £3 but ell 
e TN 3 ** Sum d an odd 
Mi e always the bigger Han, —— Lack 


nute, tak 
tude is a dd te tod Fete cc work with, and 
conſequently the Sine Complement of it is always a Sine nd 


ther too * and makes the Longitude come out leſs than 
really it thou And alho' Were ds no Way to find a 
Mean 2 8 "work . = 1 without 
too much I rouble out the requir — 
tude the ſame exactly with 32.2 yet th the Middle I 
tude found as before, being always too little, Ge 
exter _ \ an odd Minute happens, will be 
oe” ety or, that-it'rather apy we and 
makes the he Longitude ſo — (though not 
exactly) confo to Ar- 
pn — z which for inſtance in this e 604005 
we ſhall work by each of the three Canons before — 


tioned. 


d. m. C. Ars 
— AoSine Gomp. f Middle Lat. 56 51 — 2.42627 
Jo Tangent of the Courſe—— 33 2 — 7) 


8 Diff. of Latitude — cc 821 —— 2 14 | 
To NN of Longitude—— . — 2-00 85536 


| Again, a. m. 

As Sine Comp. of Middle Lat. 56 51 9.73785 
To Radius — — 90 2 — 10. 7 
To Diff. of Lovgitude —— 1003 3 00093 


Again, 


Lad Rr ALLA2LD 


EY eee 9 


d. m. Co. Ar. 
* An 1 19k 51 — 426413 
To bias of che Cours — 33 45 — 9.4/7) 
e ie the "Diſtance — 12:99432- . 


— — >» 


WE W — 3.00120” 


W Ya Courſe x en, to fo 
"Difference » 12 . fe 
Fe from an Tin, in Latitude 
and” 1 K. Be HT feveral | 
h 151 5 a Oe ation to > i: Lati- 
20 Min. Nort emang Diſtance Neg 
2 e and Pifference ene 4 
fame Queſtion in cr Salling, Cafe the 
Sorand. The Difference of Latitude is 12 Beg. 5 Min. 
or 725 Min. or Miles. | 


X. — hes fanhe —_ 


. 
*1 me PP 1 OCSTE— 


Sine Comp, of Cop hr > oy 30 1 9.06551 
pi Difference of Latitude ——725 — 2, 75 
80 is Radius — — 90: 00 —— 10.00000 


To the Diſtance —— ———785 —— 2.89472 
nmel in homme ins ie ah 
As . of Courſe 8.C. 24 20 — 0.0 $39 
To Difference of Latitude = 725 —— 2.860 
So Sine of Caurle, Sine — 22 20 — 9. 5 


— —_— 2.47755 
6d. 25m. 3 


3 


£125 


. Middle Latitudt Sailing Clap i. 


1 OD 


To Difference of Longitude - 649 — 2144 


C'ASE HI. Both Latitudes and Di ance given, to find. 
the Courſe, Departure and Dif of Longitude. 


A Ship in Latitude of ae oo min. North, fails b 
2 
into Latitude 56 deg. 10 min. North; | fs 

ture, and Difference of Longitude is require. 


? 


g See the ſame Queſtion (only inv What is oy a 

| there being given here) in Mercator Sailing, E the x 

| For the Courſe. ee dien 
So Difference of Latitude 70 — 2.84500 


| For the Departure. A e 
d. m. 


As Radius — — 90 0 — 10,0000 
To the Diſtance — 865 — 1.9 8 
So Sine of the Courſe —35 31 — 0 #414 


TS Departure” — % "i Tos 
For the Difference of Longitude. RUS Oh 
4 1 


; Ar. 
To Tang, of the Courſeam= 35 31 —— 9.85086 


So Diff. of Lat, mm nmr 50 — 84509 
To Difference of Longitude 88 1.94374 


4 Or, 


mM OG 4% 


_ vs ta. be of R Set 
. q % \ 12 "IE 
o * * 


or Aa l | <a OR Py * u is 3 
by 4 - 
1 
0 | 
* „ 
© 0 1 N ä 
% 


KEV , 
Or, 4 m. 


As Sine Comp. of Mid. meme + 35 — 9.75220 
To Radius —p9od. oom. 10. ooo 
So Departure — — 50 — 1.69897 
To Difference of Longitude — 88 = 


CASE iv. Both Latinides and Departure eparture given, to find 
Courſe, Diſtance, and * 27 Longitude. | 


A Ship in Latitude 5 Deg oo Min. North, fails be- 
tween the North and „ ie Lackde 56 Dex; 16 Min. 
North, her Departure 50 Minutes, the ar Cans 

and Difference of Longitude is required. | 


Ke... the — | Queſtion in nume Sailing Cal the 


* 


Fer th Corſe by Caſe the Sixth of Pane alin 
As Diff of Latitude — 70 — 1.84509 


To Radius 90d. oom. — 10.00000 
So 50 — 21.698 
To Tangent of Courſe — 0" 32 9.85368 
For the Dy. 
| > = 
As Sine of the Courſe — 32 , — 9.76430 
To Departure — 530 — I. 69897 
80 Radius — 90 0 — 10.00000 
To the Diſtance — _ 86 — 153457 
* e ee 
d. m. 1 n 
As Sine Comp. of Mid. Lat. 55 335 — 9.78220 
To Radius 90 00 — IO. oooco 


So Departure — 50 — 1.69897 
To Difference of Longitude - 8 — 1994577 
E4, CAES 


a 9 E a - ' y y n "Rh . 4 * * * 2 ? 
d 8 8 b Ny wane” =" 
P . * * 
FP 2 * p * 
; ' 7 
- , * * ' ; S \ 
P . 
" Fn £ 5 
; 


CASE V- Bah Lamas and Dirne of Longituald 
090 given to find Chun, Diſtance and Departure: r 
I demand de Oburſey Diſtance ind. Meridian Diftinek 
between two Places, one in Latitude 56 D . Is Min, 
North, and the other ih Latitade 58 Deg, 35 Nortli, 
their Difference of Longitude 2Deg. 30 Min. 

See Mercator, Cale the ſixth. | 
As Difference of Latitude = 130 Oo: 2r. zig 
To Difference of Longitude 150 — 2.17 
86 Site Comp. bf Mid. Lat. — 55d. 25m. — 9.73120 
To Tangent of the Courſe 29 59 — 976718 


D tht  Diftakce. 5 
d 


1 | . T4 
o Difference of Latitude — 0 — 2.14612 
$0 Radius :. 90 00 Ie 


To the Diſtance — te 162 — 2.20852 
Fur the Departure. 

. Fe, d. m. 
Side Comp. of Churfe$.T. 29 59 
6 Differefice of Latitude — 175 

Theſe Five are the mo and uſeful Caſes in 
| Middle Latitude, and indeed all that are of Uſe in keepi 
a Reckoning ; ” there tre ſeveral other Caſes, which 
Mall inſert for Variety; bat becauſe are not Yo nece{- 
fary in Practice; I ſfall offly ſet down the Data aul 2 
i ions for findi t B 
CASE 


Sekt. VI. 


CASE VI. One Latitude: and Departure given, 
to find the * Latitude, De N and Wat 4 


Longinete. 


bend wor rer 


Fer the Bites of in 


As Sine Courſe to Departure, 0 dne Cum. of Courts | 
to Dif. of Latitude. 


The Difference of Latitude thus found, the 1 | 


come to is eaſily found, 43 in df#catar, Caſe the firſt ;/ 
and both Lande being found, the Middle Latitude is 
found, ab in 


Ale Lutitnue Jui ng, Orte the fiſt; Thin, 
For the Diſtt. 


As Sine K che Courts to Departure, ſo Radius do che 
Diſtance. 


„For the Difference of Lonyitied. 


Av Mite Co of Mid. Lat. ts Radi o Departure 
Dif, of Longitude. 7 ng va 


CASE VII. 655 2:4 D and 
See E. d 


For the Courſe. 
As Diftance to Radius, ſo Departure to Sine of the 
Courſe. ; 


for 


* 9 * WIR * hw —_— 
1 7 — * * d 9 4 I - * * 
. — => 
- * ö 
1 W „ ** f 
inn. 73 
. 
* 


j 


[ 


: 
, 


| 


- * k 
: 


| 


A Ship in Latitude 55 deg. 00 min. North, cas North | 


n 


* 0 N b f , 
SC» E 8 „ 
For the Difference ꝙ Latitude. 


| "As Radius to the Dilance, fs Sne Comp, of he co | 
e Iſs LOR, 5 g 


For the Difference of Longitude: 
As Sine Com Middle Latitude to Radi fo De- 
e 0 of Longitude. * 


| parture to Di 
CASE VIIL Courſe, Departure, and Di erence of 


Sond given, to enn and Diſtance, 


Fer the Diſtance 
As Sine of the Courſe to Departure, ſo Radius to the 
Diſtance, 
Fer the Difference of Latitude. 


As Sine of the Courſe to Departure, So Sine Comp, of 
the Courſe to Difference of Latitude. 


For the Middle Latitude, 


As Difference of Longitude to Departnre, ſo Radius to 
Sine Comp. of Middle * 

The Middle Latitude and Difference of Latitude Fen 
found, both Latitudes are eaſily found; for adding half 
the Difference of Latitude to the Middle Latitude, the 
Sum is the greater Latitude, and ſubtracting the ſaid half 
_ _—— the Remainder is the leſſer 

tude. \ 


CASE 


* 
% . 
_ Seft« VI. * I 7: 


CASE- 2 Lativude, Courſe and ; 
9 Ten e Dart nt A Dis 


Fer Difference of Latitude, aſa beth Latitude. 


A Radius to the Diſtance, ſo Sine Comp. EXPO 
on PLSES 
Then find both Latitudes, as in Cafe the Eighth. -: 


| i fir Depart —— | 
As Radius to the Diſtance, ſo Sine of the Courſe to 
Departure. 


Fer the ifm f Longitude 


As Sine Comp. of Middle Latitude to Sine of the 
a N 


CASE X. Courſe, Diſtance, and Difference „int 
given, to find both Latitudes and Departure. , 


For the Middle Latitude. 


As Difference of Longitude to the Diſtance, ſo is Sin 
of the Courſe to Sine Comp. of Middle Latitude. 


| Fer the Difference if Latitude, 8 
As Radius to the Diſtan ſo Sine Comp. of Cour 
Difference of Latitude. — 
Then find both Latitudes as in Caſe the Eighth. 
| For the Departure. 


As Radius to the Diſtance, ſo Sine of the Courſe to De- 


CASE 


76 
04 $'E Xl. Cor "Difference of 


Difference I ai gibin, to fn 
De and War 


Fu tel 222 Talitud. 


* ed of” Len to Difterece 2 25 
ſo is Tangent of the Courſe to Sine Comp. of Middle 


titude. 
. Difence of fe Patt Mie Lana a- hr 


Latitudes, as in Caſe the Eighth. 5 
| For the Diſtance. | 2 


As Sine Comp. of che Courſe n 
ſo is Radius to the Diſtance. 


For the a | 


As Sine Comp. of the Courſe to the Difference of Latiecds? 
ſo Sine of the Courſe to the Departure. 


CASE XI. Middle Latitude, Courſe, ond Difference 
of Longitude given, to find both Latitudes, Diſtance, and 


—— 


As T 
Latitude, ſo Difference of Eongitude 


Latitude. 
Then find Diſtance "ant! Depatture, a In Cab the 


Heventh. 


CASE XII. One Latitude, ck Dig, ae 
of 7 given, 10 99d the other Latitude, our ſe, 
and Diſtance. - 


As Difference of rad 69 bre o adi © 
Sine Comp. of feng —— 


* < T7 b — . * as PRs _ , "LY * n - n * ; — ' * * df Þ 
- \ l \ * 2 * % 4 

= 

: © * - 

" 4 Y 

7 | | | | | 4 f I. | 

[ Qo 

* 


71 1 1 land 
- Cub 15 


— 
£ 


of the Courſe to Sine e 
to 


ifference 


Subtract 


Sekt. 125 vb Trigonometriral. IS 3 | x 77 
— ny Late and Middle Leue the leſs 
ng pen net * nee 


13 
2 
F 
$4 


* 
” 


At H A P. — 
N Vavigation 5 Inpettis. 
e K . 


How to . all — ics | in Plans: Sailing, a to uon 
Traverſe; and aljo to keep c Necboening bith in Langituu- 
ond — 3 in the oy NTP 


F all Cafe * Plarie Salling, there are en four 
Terms, vix. Courſe, Diſtance, Difference of Latitude, 
and Departure, two of which are always given to find 
the other two; and in the Traverſe Table, the Courſe 
is to be found in the Degrees, Points, or Quarter Points, 

0 of . . art 


78 Plane Sailing'by bein. Chap. IN. 

"ut the Top or Bottom of esch Leaf, The Diftanee i found 
of Latitude and Departure are found in the reſt af the - 
Columns in the Body of each 
olf the Terms ſoever 50 
1 e two 


: . * 


CASE I. cs and Diſtance given, to find Differenc 
Latta ad Dore 


©4307 ibi 3 MUTSRIKI-O? Snwuoy M2 nit oh 
A Ship ſails S. 25 Deg. E. 96 Miles; I demand | 
Difference of Latitude and * 
7. — Table, the Left-hand P — RF * 
nee proceeds from I to 50, an ight- hand 

from 50 to 100, and the given Diſtance here _ above 
So, viz. 96, look along the Top of the Right-hand Pages 
till on el es Deg: and right. under it, and againſt 96, 
the Di ou find 87d. om. for the Difference of Lati- 
tude, and Cod. 6m. for che Departure, as the Title at the 
1 I AN\ >. 18 % 33 4 AV S330 do. 
! ſuppoſe your Courſe had been South 65 1 
_ Eaſt, you find 65 Degrees at the Bottom of the 
Column where you find 25 at the 2. — 3 
the Diſtance, you find Difference of Latitude, and 

the ſame, viz. 87 : o, and 40: 6, only with this 
Alteration, that now 87 : o is the Departure, and 40: 6 
is the Difference of Latitude ; whereas before it was 
contrary : But to avoid Miſtakes: herein, obſerve where 
you find the Degree ef the Courſe, whether at the Top 
or Bottom of the Table, there find alſo the Title of the 
Columns of Difference of Latitude and D 
Thus, in the firſt Example of 25 n the 
Degree at the Top, and therefore the Title alſo at the 
Top ſhews, that the firſt of the two Columns is Diffe- 
rence of Latitude, and the ſecond the Departure; but 
in the ſecond Example of 65 Degrees, you find the De- 
— at the Bottom, and therefore the Title being alſo 
ound at the Bottom, ſhews that the firſt Column is the 


Depar- 
p * 
* 


= 
* 


= qe. Mn At Root add 


h vance the other alſo a Place id the Laebnnd, then will 


5 NSN. NS a N Seeler 


b TOY» A gm 


_ - , "8 * Ao nl * 2 1 | 
'Set.l. Plane "Sailing by Tnſpeetion. | 79 


Departure, and "the ſecond”! e Tide 
{DES UE Diſtance be above 100 Miles; as in the 


firſt Example of Plane Sailing in the Book, which is a Ship 


fails N. W. by N. taz Miles; T demand her Difference of 


Latitude 
" Here, becauſe Table reaches but to 160, Nt muſt 
take it out at twice; thus the Courſe by N 


3 Points, I look for 3 Points, which I - the Top of 
the _ and OY 100, I find, 


e ep. 


— — 


102: 2 68:4 


Theſe Sums A060 erh, give 102: 2 for the Diffe- 
rence of Latitude, and 68 : 4 for the Departure. k 
But ſuppoſe your Diſtance were ſo great a Number, 
that it would require to be taken out at a great many 
Times, as in the. Queſtion in Caſe I. of Mercator s Sailing 
Trigonometrical, A Ship fails 987 Miles N. W. by N. &c. 
1; ban alſo take this out at twice; for having found 
DS, ou may take out firſt for mob, and then for 7 
under three Points, till you come down 
— "ke Diſtance 98, and againſt it home 1% 55 
for Difference of Latitude, and 54 : 4 for the f 
ture; but becauſe the 98 is e e Bige e or Place | 
towards the Left-hand, and called 980, re ad- 


es Mel * 1 1 721 's 


the Diff. of Latitude, 81 : 5, be- 
Dif. Lat. Dep. come 815, and the Departure 54:4, 


815 544 will be 544: then finding alſo for 


5:8 3 : 9 the 7, becauſe the whole Diſtance - 
820: 8 $547 : 9 the Margin, and the Difference of 
Latitude is 820 : 8, and 32 


547 9 
Another 


4 — 8 98 N 
. * { of 
' Vo OI 
l » & 
q "Ao 


ö OY nn,. * * CO YL TINS K 
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, Wa book. d 
þ, Gs yop 5 
CD ourth, &c, of the given f 
Numbers ſo found ſhall be the * ot 155 
* Feen * 


A Ship ſis SSW. 120 Idemand Diff Latitude and 


ere, becauſe, the Table goes nat war a8 120, I take 


i 42 z. 60, and againft it under two Points 
ſe 8, W. is two Points from the 34:0, 


| 55 . for Difference of Latitude, and 2 
the 3 which two Numbers being double 

cauſe took but half the Diſtance) gives 110: ** 

N of n and ak 2 bor the Dip 
ure, Ts. 


A 2 ; 
0 8 K 1. cm 


A Ship Gails North g8 Deg, Weſtarly, till her Difference 
= be 120 Miles 3 I demand ber Pillange and = 


aſe Lo f- 9 bound Rae e Itake half 
of it, wis, Ho, and fi 518 the Top, I loox 
peo Yi Land go under ot — 
| 2 right againſt it, ph. 8 of Diſtance, = 
| — ich Houbled is 152, the Diſtance required, 
17 5 it, under (Dep.] I find 46: 8, Which 2 
&, the Departure required. | 


CASE 


4 * * * A 4 * 
* 


* - 2 R bo ad 2 5 —_ a p K . 4 
˖ * " we 4 * * "w. * oy _ , of N l 7 * : vr 
N . W WI 
. IT. : & , of} * of 
F 


CA E III. Corſe and Deportare given, to the 
| 12 EL Sen of 3 
8 . 

A Ship fails S. W. b by S. till her be 40 Miles z 


I demand Diſtance and Difference of 
S and —_— 


of Departure, find inſt which . 
Diſtance, and 59 * 8, for the the Departure. 


IV. D. . Latitude 
OK 1 give 


A Ship ſails 71 Miles in che 8. W. Quarter, * 3. 
ei Miss Ldemand Courſe and De- 


" Look for 71 in_the Column of Diſtance, and run over 
the ſeveral Columns of your Table, till you find 59 in 1 
of the other Columns paint it, which being found, ob- 
EY whee you find the Title [Lat.] whether at the Top 

No the the Table; for 1 2 find alſo the Courſe, 
as in this xample. Trun over the Table, till againſt 71, 
I find 59 : o, and the 'he Top, being at the Top, I 
find alſo the Courſe at the op, Viz. 3 . e. or S. W. 


by S.and Departure 39 4. | 


CASE-V. Diftance and Departure rom, fu Cur 
nd os n. / 
bod 50 


A Ship fails 88 the South and Eaſt 100 Miles, ber 
2 * Miles; 3 I demand the Courſe and Difference 
of 


Look for 100 in thie Column of Diſtance, and againſt i it 
run yer your Table till you find 53 for the Departure, and 
over it you find 32 Degrees for the Courſe, and 14 ; os 
tor the Pierce of « Latitude required, 2 | 


3 "Fo yas FF Py, = T0 


G CASE 


| 82 Traverſe bal 5 tin hip. bil 


| | ® 
C A S E VI. Di fer. e ae Departure 
ts A given, 


and Diftance. | 
A Ship cl ger Nor and-Eaft, fl ber Dif 
of Latitude be 56 : o, 2 r | Departure Ude. 
mand the Courſe and Diſtane. 2 5 ö 
Look —_ the Columns of Diff. of Lat. and Dizis 
ture, till you find 56 : o, againſt o, and over that 


5 * 
_ find 32 Degrees fer the: ſe, and 66 Miles for the 
iſtance, &c. | 


Nete, You cannot always f find exaily the Numbers ven, 
but find the neareſt you can, which will gen bes 
ſufficient Exactneſs for common Uſe. 


. 
7 nd 


SE 0 r. II. 


How to work a Traverſe by the T ables 17 Dift- 
rence of Lati tude and Dre. 


2 I'S is the Ee Thing for which theſe Tab 
are of Uſe, and this Way of working a Traverſe | 
equal to the beſt for Exactneſs, and much more expedi 
tious; and therefore I have on Purpoſe omitted Traverſe 
Sailing in the Geometrical Part hereof, as being too tedi- 


ous for Practice at Sea. / 
I ſhall inſtance in Queſtion the firſt of Treverſe Sailiy in t 
Geometrical, and ſhall ſolve the ſame here by On able. ſet 1 
each 

A Shi fails S.S.E. 30 Miles, then Nu. by N. lum, 
Miles, then E. by N. 25 Miles, then N. N. E. 44; Ide Nor. 
mand the Courſe, Diſtance, Difference of Latitude and and 
Departure, from the Place ſailed from. = i 
iffe 


Firſt, Make a little Table with fix Columns, as you ſet 
in the following Page. 


The 


= 


P _— * 
£ 


n > 
Sec. II. Traverſe Sailing by 
The firſt is the CourſG. 
The third the Northing. 
The fourth the Southing. 


- 1 & " * Y 
„ . 8 * 
= * 
— 
a 4 1 
8 5 "= ©” . : 1 * * 
: 


Courſe. | Di. | North. | South. | Ea. | Weſt. 

MEE ou | 855 > Ot 7 N 
S.8.E | go —— 27 7 [mis —— 
N. E. by N.] 40 | 33: 3 [———ſ[22: 2 |—— 
E. by N. 25 4: — 124: 5— 
N. N. E.] 44 40: — 116: 8 — 
— ww 1 5 

78:8 27: 7 [75:0 
« 48 pug "ge 
* 2 2 | ee 


Then, by Caſe I. find the Difference of Latitude and 
Departure to every Courſe, and ſet them in their proper 
Columns; as where the Courſe is Northerly, ſet the Diffe- 
rence of Latitude under Northing, or in the North Co- 
lumn ; and where the Courſe is Southerly, ſet the Diffe- 


rence of - Latitude in the South Column. - 
Again, when the Courſe is Eaſterly, ſet the 


in the Eaſt Column, and when the Courſe is Weſterly, 
ſet the Departure in the Weſt Column ; then adding up 
each Column by it ſelf, ſubtract the North and South Co- 
lumns, the lefler from the greater, the Remainder is the 


Northing or Southing made good. Alſo ſubtract the Eaſt 
and Weſt Columns, the leſſer from the bigger, the Remain- 
der is the Eaſting or Weſting made good; then have you 


Difference of Latitude and Departure given, to find the 


ourſe and Diſtance, by Caſe VI. 


UW $2 


In 


N 


7 . ” 
y = 


TE | OW 2 9 

8: Traverſe Sailing bh Injpetion.”* eg 
In this Example, the firſt Courſe is S.S.E. 36 Mile; 
or two Points 30 Miles; rr Caſe I. I find che 
Difference of Latitude 29 : 7. Now the Courſe being 
between South and Eaſt, I place my Difference of At. 

tude in the South Column, and my Departure 111 578 
| Eaſt Column, leaving the North and Weſt Columns blank, 
Ihen for the ſecond Courfe N. E. by N. or 3 Points 
410 Miles; here my Difference © of Latitude, 33: 7 6 
to be placed in the North Column, and the Departure 22 2 
in the Eaſt Column, becauſe the Courſe is between the 
Then the: third Courſe being E. by N. or 7 Points, 23 
Miles, I my Difference of Latitude, 4: 9, in the 
North | Column, and Departure, 24 : 5, in the Ka 

Column. — 00 | [4 2 
And fo for the fourth Courſe, N. N. E. or 2 Point 
44 Miles, I Pore my Difference of Latitude, 40 : 6, in 
the North ( „ and my Departure, 16: 8, in tis 
' Eaſt Column, and then addi up each Column, the Sun 
of the Northing Column is 78 8, and the Sum ofthe 
Southing Column is 27 : 7, which ſubtracted from tie 
Northing 78 : 8, the Remainder $1 : 1, is the Differena 
of Latitude made good, which is Northing, becauſe the 
Northing was the greater Number. 


4 *. 
a 
1 


Again, the Sum of the Eaſting Column is 75: o, Wü i. 
- (becauſe there is no Weſting to ſubtract 4 it] is ! 
Eaſting made good Thus you have the Northing, $1 : ie 
and the Eaffing, 75 10, given to find Courſe and Me 
ſtance, by Caſe VI. and although you cannot find in tell 


Table the exact Numbers of 51: 1, and 75 : o, togs 
ther, yet find the neareſt you can, which is 76: 4 a 
50 : 9, over which, at the Top, you find ees fd 
the Courſe, which is N. E. by N. od. 15m. ly | 
"the Diſtance 91 Miles. N 

But if you have a Place propoſed that you are bound 
for, whoſe | Courſe. and Diſtance from the Place fail 
from is given, find thereby the Difference of Latitud 
and Departure to the Place bound for, from which. ſub 
tract the Difference of Latitude and Departure, ma 
good, (if it be the leſſer Number, or the other from i 


hen? 


- . = 
8 


Seck. II avere Sailing by Inſpetion. al $963 


—_ 
os 


he if one of them be the greater Number) the Remainder is 
ng the Difference of Latitude and Departure from the Ship to 
ti- WI the Place bound $72! OR 2 ine may oF the Courſe and 
he Diſtance by Cafe 

* Za we ket Senne in Trovetf 6 dalle = f 
ts, metrical, there is a e prop6ſed to ny to, diſtant 
"i 120 Miles N.E, half E. hy: ifference of Latitude for that 
2, Wy Courſe and Diſtance is found* by Caſe I. to be 76: 2, 


and the Departure, 92: . No the Difference of La- 
titude made good by the Ship being but 51: 1, if ſub⸗ 


* 


25 tracted from the whole Difference of Latitude to the 
the Place bound for, 76.: 2, it is evident that the Remain- 
der, 25: 1, muſt be the Difference of Latitude from 
| the Ship to the Place bound for. Alſo the Departure 
nts, made good by the Ship, 775 : o, ſubtracted from the 
„u hole Departure, 92 : 8, the Remainder, 1 8, is the 
Departure from the Ship to the Port bo bor. And 
Sun bus you have the Difference of e +1, and 
te he Departure, 17: 8, to find the Caan 'Piſtarice 
e Caſe VI. and the neareſt to theſe two Numbers that 
enn n be found is 25: 4, and 17 : 8, over Wich you 


ave 35 Deg. for the Courſe, and againſt. it 31 Miles 
or the Diſtance, viz. N. E. by N. 1d, 1 5m. Eaſterly, 31 


8 


But ſuppoſe the Difference of Latitude made good by 
he Ship were more than the Difference of Latitude to 


m4 
. 


Dee Port bound for, you guſt ſubtract the leſſer from the 
n ter cater, and the Remainder is the Difference of Lati- 
top ude from the Ship to the Port, but of a .contrary De- 
, 2 domination, Which ſeems to be fo, plain, that it needs na 
sample; for if a Man intends to travel to a; Place that 
„ears due North from him 12: Miles; if a Man travels 


5 Miles dhe North, his Courſe from thence to the Place 
ound for is South 3 Miles; even ſo if a Ship intending 
or the Port aforelaid, whoſe Difference of Latitude is 
b: 2 North, and Departure 2 : 8 Eaſt, , ſhould 
ail between the North Eaſt, ll her Difference of La; | 
tude be 100 North, and Departure 75: 0 Eaſt, tis 


lain ſhe is to the Northward of her Port; becauſe ſhe 
s got more Difference of. Latitude Northetly ; and he ; 


G 3 


— — © 
= SS 


iÞ 


files is the Courſe and Diftarice to the Place bound . pe 


86 Longitude by Iuſpedtlion. a I 
is alſo to the Weſtward of her Port, "W's ſhe hath not 
got ſo much, Departure Eaſterly; and therefore ſubtraQting 
5 8 leſſer Difference of of Latitude from the bigger, the Re. 
mainder, 23: 8, is the Difference of Latitude e, Southerly 
from the Ship to the Port bound for; and the Departure, 
o, ſubtracted from the whole Departure, 92 8, the 
Remainder, 17; 8, is the Departure Eafterly from 1 
to the Port bound for ; and in this Caſe the Courſe and 
Diſcs wow, ve found by n to beS.E. 8 


7 og n 


8 RE c r. III. 


Hv to Fad the Difference of Long m by the 
Table of Difference of Latitnde and Dor Pays 


H AVIN G one Latitude, Courſe and Diſtance given, 
or both Latitudes and Courſe, &c. you may find the 
reſt according to Plane Sailing by the foregoing Rules, 
which being done, find' the Middle Latitude, (always ob- 
ſerving that Caution, to take a Latitude rather too big than 
too little, where the Middle Latitude cannot exactly be had 
without a whore then the Rule is : 1 
Find the Complement of Middle Latitude amongſt the 
Degrees at the Top or Bottom of the Table, and under it 
if you find it at the Top, or above it, if — find it at the 
) in the Column of Departure, find . 
and right againſt it, in the Column of 
Difference of Longitude. 


And although this Method is not ſo orafticable i in ora 
Numbers, yet it is very uſeful at Sea, for working a Day's 


Run, or thelike, which ſeldom exceeds 50 or 60 ues; 
and therefore I ſhall recommend it to the Learner, as the 
moſt expeditious Method, and of ſufficient Exactneſs for 
ſhort Di ſtances; here being Methods ſufficient laid downin 


this Treatiſe for more exactly correcting the Reckoning once 
Wo 5 


2858 = (on „e 


— 3 


& „ 


he 
2. 


FI F=F LNB 


5 


Seft, III. Longitude by Iuſpection. 87 
or twice n a Week, of which more when e come >: 
chit Patodd „ e | „ 
Note, I yon think it too much Trouble to ſubtract the 
Middle Latitude from go, to ſind its Complement; you, 
may find the Middle Latitude amongſt the Degrees, as be- 
fore; and find the Departure in the Column of Difference 
of Latitude, and againſt it, in the Column of Diſtance, 
you have the Difference of Longitude as beſore. D 
I ſhall give an Example or two, and refer the Reader for 
further Practice of this Method; to the laid down 
for keeping a Reckoning in the latter Part of this Book, 
where | illuſtrate this Method by Example, and ſhew 
its general Agreement with the Longitude, as found by 
Merecator's Sailing. HSM) alli ys 7 an 3 


29341 3 » 

Examfle 1. A Ship in Latitude 55: O North, fails in 
the North Eaſt Quarter, into Latitude 56: 1e, her De- 
pm 503 I demand Coutſe, Diſtance, and Difference of 

ngitude. $3 

See the Queſtion in Cafe IV. of Middle Latitude failing 
Trigonometrical. . ; 

Difference of Latitude 70 , Departure 50, the Courſe 
will be found by Caſe VI. hereof to be 36 Degrees neareſt; 
omitting the — and the Diſtance 86. 

The Middle Latitude is 55 : 35, but becauſe we have 
only - whole we muſt uſe either 55 Uegrees, or 
56; and becauſe, as I ſaid before, it is beſt to take a 
Degree too great rather than too little, we ſhall call it 
56, whoſe Corkplement-24- dann in the Degrees, look 
under it for the Departure 50, the neareſt Number to 
which is 49 : 8, againſt which 'in the Column of Di- 
ſtance, I find 89 for the Difference of Longitude re- 
quired, - | S. 


Example 2. In Cafe V. of Middle Latitude Sailing 
Trigonometrical. 

I demand the Courſe, Diſtance and Difference of Lon- 
itude between two Places, one in Latitude 56 : 15 
orth, the other in Latitude 58 : 35 North, their Meri- 


dian Diſtance 1 
G4 Diffe-. 


1 * * 
S 2 0 o 
+ A „ 


/ 


88 Longtiude by Inſpefion. 
Pure af Latitude _— re 81, ess 
e VI. to be rh age of 30 Degrees from 


the Meridian, and the Diſtance * e by 
the Traverſe Table. oh 
Then for Difference of Lom * Middle Latitude 


is 57 : 25, but we muſt e 
there is not ſuch a Number as oo 


found 1 
the Column of Latitude, therefore find its half 20 5 


the neareſt to it, which is 40: J And apa in e | 


lumn of Diſtance, you find 76, which doubled is 15a, the 


e ar of Lengitude 3 * t ; 
e, Altho in cular ons de 
found this Wa differ! ometimes a Minute or two from 
that found by Calculation ; becauſe we are obliged to uſe 
whole Degrees in the Table for Middle Latitude; yet the 
Error being ſometimes a Minute or two too much, and 
ſometimes as much too little, the Difference is not 2 den 
able in a long Reckoning. - ol 
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8 r. I. a. 
Plane Sailing Ari thmeticall. 


HAY I'N G thus finiſhed all the Kinds and Caſes of 
Navigation in the foregoing Book, according to the 
Method commonly taught, and practiſed both at Sea and 
a-ſhore, viz.” by a Canon of Logarithmical Sines, Tan- 
gents and Secants, together with the Help of tle Loga- 
rithms of Natural Numbers) next Work is (accord- 
ing to my Promiſe) to ſhew, how all the aforeſaid Kinds 
of Navigation may be  compleatly performed without 
any Canon, only by the Help of ſome given Numbers, 

which ſhall be inſerted in their proper Places, which 
are of Uſe where the Courſe is either given or required: 
And firſt in Order, I ſhall begin with Plane Sailing, in 
which the three firſt Caſes are wrought only by the 
Table of given Numbers, as alſo are thoſe Queſtions in 
the three Caſes where the Courſe. is required: But 
the Solution of all Queſtions in Plane Sailing, when two 
Sides are given to find a third (as Diſtance and Difference 
of Latitude given to find Departure, '&c.) are grounded 
upon that known Propoſition in Euclid, Lib. 1. Prop. 47. 
viz. That the Square of the Hypotenuſe (called there the 
Baſe, becauſe it is the lo Side) of a _right-angled 
Triangle, is equal to the Squares of both Legs added 
together. Hence then (the H nuſe repreſenting the 
Diſtance, and the two the Difference of 
+ | | an 


1 


and Departure (if you | 
ny by it ny theſe ＋ _ added 
ual to the Square ypoten 
if from the SL 3 
| Square of* one Leg, 
of the other Leg, as may be proved by thoſe three known 
Which three Numbers make a 


Te ohe 


Numbers, 3, 4, and 5, 


uare each Leg 


the Remainder is the 


0 127 Arithmetical. Chap. Iv, . 
that is, 2 ; 
uſe ; and conſe- : 


Hypatehuſe you ſub- 
Square 


Right-angled Triangle; the two Legs being 3 and 4, and 


the Hypotenuſe 5; Now if you ſquare the two 
times 3 is 9, and 4 times 4 is 16, which two Squares of 
16 and 9 added together, the Sum is 25, the Square of 5, 
the Hypotenuſe. Again, if from 25, the 


Hypotenuſe, you ſubtract 16, the 
i the Square of the other Leg, c. 
uare of any Side is thus found, the Square Root 
hereof) is the 


there remains q, 


when the Sq 
thereof (found as is ſhewnin'the firſt Part 


to the given Numbers, if Courſe and 


given 


Side req 
Alſo with reſpet 


Diſtance be given, multiply 
Numbers, as the Title of the Table directs for Latitu 


and Departure, (whoſe Uſe follows in ſeveral Examples} 
the Sum, abating as many Figures to the right Hand as 
ifference of Latitude or Depars 
ture required: Now if the Hypotenuſe multiplied by 
the given, Number produce a Leg, only two Figures to 
be cut off, che faid Leg being given, and two Figures 
(or Cyphers, added to it, and divided by the ſaid given 

umber, the Quotient muſt needs be the Hypotenuſe 3 
and if fo, then if the faid Leg 
(or Cyphers, added to it be divided by the Hypotenuſe, 
the Quotient muſt needs be the given Number, as ig 
apparently evident to almoſt every Body ti 
learned tlie firſt Rudiments of Arithmetick, and under“ 
ſtand (what every School-Boy is taught) how Multipli- 
cation and Diviſion will undo and prove each other; and 
hence any two Parts of a Queſtion of Plane Sailing 
given, the reſt may be found by the 
one Table of given Numbers, all the Caſes 
ſixth being wrought immediately by the given Numbers; 
and even in the ſixth Caſe, where the two Legs are gi- 
ven, the Hypotenuſe or Diſtance may be found 


you multiply by, is the 


uired. 


Square of one 


the Diſtance by the 


uare Root, 
aſes except 


Legs, 3 


Square of the 
And 


with two or more Figures 


that have but 


by the 
Square 


9 


the 


7 Ss fr mul 


n 


E of Given | 


Examples. 
The Number of Points thus found, 1 on which 
Side of the Table it is found, for if you find the Courſe 


at the Left-hand, then find the Denomination of Lati- 
tude and are at the Top: But if the Courſe be 


Oi 


: s $524 5 
ä — — 
19 | | I F644 | 
Point: Latitude] Depart. | Paints, 
o 4 | 99: 8804: 8807 
lo + 99: 5209: 76 7-Y 
OZ. 98 2-92] 14 : 66] 7 7 
I 198 08419 : 5rf 7: 
1 4 9% : 0124: 27 6 + 
14 95 : 7128: 99 6 {| 
11 404: 15033: 71 6 4 
2 902: 3938 : 27] 6 | 
2490: 4042: 77 5 ' 
2 + 88: 20147 : 13] 5 2 
2+ |85 : 79 51: 380 3 
3 83 1 055 5 
32 80 339 8804 
3 2.177 + 2963: 45 4.5 
3+ [74 : 20107 : 15] 4 
EF 11aRN5, THF 
Points Depart. | Latitude Points 


The, Uſe. of this 


. Table is for Work- 


the ſix Cafes of 
P Sailing, in 
which obſerve, that 


in the firſt and laſt 
Columns you have 
r Rumbs or Points 
0 


with deb e 


and quarter Points, 
numbered from the 
Meridian, or North 


and South 1 
.S. W. is two Points, 


Compaſs, 


ther Eaſt or 


according as 


ſtand in — > 4 
becauſe: South is up- 


on the 


NNW. is two Points 


i from North. A- 
gains fi uppoſe a. Ship 
Als S. W. 2 28. chat is, 
three Points and an 


half, and N. N. E. 4+ 


E. is two Points and a Quarter 3 which being a Thing 
ſo commonly known, I hall not need to add any more 


| Meridiany” 
then S. by W. is one 
Point, and 8. 8. W. | 
two Points, c. 86 
likewiſe N. N. E. and 


D 


. * 's 
i - Bn 5 * * 
7 v- 4 * — N kv 
7 } * 
FA 
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on the Right-hand find the Denomination of Latitude and.; 
Departure at the Bottom; for the Left-hand Column con- 


tains all the Points under four Points, and the Right- 


hand Column contains all the reſt of the Points to eight. 
Now if the Courſe be found in the firſt Column, (viz. 
leſs than four Points) then the ſecond” Column is the 
- 1 for Difference of Latitude, and the third 

mu is the given Numbers to find Departure: But 


if the Courſe be in the laſt Column, (iz. about four 


Points) then che third Column is the given Numbers to 


* find nce of Latitude, and the ſecond is for the 


De. And the Uſe! of the Table being thus 


Ek non for the firſt Caſe, the reſt is eaſily found by Con- 


ſequence, as we have hinted before, and ſhall make it evident 
and "intelligible to the meaneſt Capacity, by the following 
Examples. 9 e Save, 
Nose, If you have a given Number, with a Cypher 4 
on the Leſt-hand, (as in 5+ and 74 r 
a Cypher” adds nothing to the Product (being on the 
Leſt-hand) yet it cauſeth a Figure more to be cut off 


for the Decimal Fraction; and having cut off as man 


Figures towards the Right-hand as you multiply by, the 
is the Latitude or th ſought, and thoſe cut 
off are a Numerator of a Decimal F ral 
nator, conſiſting of as many Cyphers as you cut off 
Figures, with a 1 at the Left-hand ; ſo if you cut off 
97, = is 42., or if you cut off 342, it is ;, and fo of 
e ee a 6 * 


"Note, When you have found the given Number in 
the Table, you need not always uſe all the four Figures, 
eſpecially, if the third or fourth be a ſmall Digit, as 1 
or 2, as ſuppoſe your given Number be 8315, here the 
third Figure being a 1, you may cut off the two laſt. 
Figures, and uſe only 83 to work with. Again, if the 
third Figure be one of the higheſt Digits, as 8 or 9, you 
may cut off the two laſt, only add one to the ſecond Fi- 
gure, and ſo work as before; as ſuppoſe your Number 
be 2899, you may add 1 to the ſecond Figure, viz. 8, 
and then cut off the two laſt, and then your Number to 
. work with will be 29 ; the Reafon of all which is very 
evident to any that underſtand the Nature of Decimals, 
5 and 


ion to a Denomi- 


9 = A v F ny \ T = 0 ry = * 9 | , * 7 | , 4 * 9 8288 5 A * 2 o * ü | l = F * , : * 
0 * 4 . - I SY 5 * By 
1 y LY 
. \ ” . * 
- : 0 . % = N 7 
* 93 
_— a little Praftice become- cal oth mane | 
4 6&4" 1 


| Plane Sailing: | oem 
CASE I. Courſe and Diflance given, to find the Dif 
rence of Latitude and Departure. | 
De RULE, 


Multiply the Diſtance by the given Numbers ie the 
Courſe, and from the Product cut off as off Figures as. 


ou multiply * 2 the reſt is er way of and 
— math Wr 


Quęſtion. A Ship fails N. W. Un 123 Miles; I de- 
mand her Difference of Latitude and Departure? 

The given Number for Difference of Latitude being 
8315, we ſhall only uſe 83, and cut off the other two Fi- 
2 (towards the Right-hand) and multiplying the Di- 

ce.123, by the given Number 83, and 2 | 
duct cut off two Figures, , (becauſe you multipl 
2 ) you have Difference of Latitude ; 25 or 
iven Number is 5556, the third Figure 42 
for more Exactneſs uſe three 
55 5 and work as before: The Operation for! iFerence 
tude and Departure will ſtand thus: CY 


For Diff. of Latitude. Soy wg nr Departure, 
5 IAU 1a 
83 a '.- . 1143 
3069 1 * 6185 
984 WIL 
102109 x + "idle 


| — 5 


* 2 a * 5 * N * 1 ? "el A * 
F - 
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"ha 


The Difference of Latitude is 102 782, the Departure 
is 68 585 but you need not regard the Fractions, only 
if a Fraction be conſiderable above half of one Mile, or 


Minute, you may add 1 to the whole Number; as ſuppoſe 
| pe Fraction be 78, viz. 533, you may add 1 to the whole 


umber, and reje& the Fraction, &c. 6: 
Another Example in Caſe I. 
A Ship fails N.N.W. Z W. 165 Miles; I demand the 


Difference of Latitude and Departure. 


N. N. W. Z W. is 2 f Points. 


For Diff. of Lat. For Depart. 
_ | 165 
* 5 
828 n e 
5 1320 660 | 
145120 Diff. Lat. 145. 17155 


Dep. 77,.0r rather 78, becauſe the Fraction is . 


CASE I. Courſe and Difference of Latitude given, 
to find Diſtance and Departure. 


The R UI E. 


For the Diſtance, add as many Cyphers to the Difference 
of Latitude as the Number of Figures you think to make 
Uſe of in the given Number, and then divide it by the 


given Number, and the Quotient is the Diſtance, whic 


being found, find the Departure as in Caſe I. a 


Queſtion. A Ship fails S. W. by S. till her Difference 
of Latitude be 174; I demand the Diſtance and 
Departure. | 

Then 


— % * 
A 


Sect. I. Plane Salbung Atathmutical."\ 95 
The Courſe is 3 Points, the given Number 8315 and 
5556. | OM A ns 
Fer the Diſtance, Der Digarture. 
83)1740c(209 Die. 209 
— * 
3 1045 
290 1045 
1048 


1151995 


The Diſtance 209, and Departure 115, or rather 116, 
becauſe the Fraction is ſo great, viz. above $2. 


CASE III. Courſe and Departure given, to find Diſtance 
and Difference of Latitude. 


The RULE. 
Add ſo many Cyphers to the Departure as you think to 
uſe Figures in the given Number ; and then divide by the 
iven Number anſwering to Departure, and the Quotient 
is the Diſtance, which being found, find the Difference of 
Latitude, as in Caſe I. 
Dreſtion. A Ship fails N. by E. 4 E. till her Departure 
be 72; her Diftance and Difference of Latitude is 
required. | 


See Example the ſecond, in Caſe III. of Plane Sail. 
ng. 


For 


8 "I 
«a. * 8 
* — wn. Void = 
_ £0 


96 een eee. GN . 


Rey 3 
4 "x 


"Av the D M.. e e 

337) 72000213 de e 
400 94 
— e 
219 ä 1626 
„ 201116 


The Die i is 214, (being fo large a Fraction) and th * 
Difference of Latitude is 201. 


CAS E IV. Diftance, and Di ence of Latitude given, 
| to 222 Courſe + ford ; 4 


. The RULE. 


Square the Diſtance (that is, m it by it, 
and likewiſe the Difference of 15 i e 
the leſſer Number from the greater, the Square Root 
of the Remainder is the Departure required; and then 
for the Courſe, add two or three Cyphers to the Diffe- 
rence of Latitude, and divide that Sum by the Diſtance, 
the Quotient is the given Number for the Courſe, which 
being found in the able, yau have againſt KBs Cour 
regqui 
. 75 If you cannot find e the ſame Nantes 
(which ſeldom happens) find the neareſt to it, which is 
+ ſufficient, and finds the Courſe to the wks ae 


Point. 


= Duiflion, A Ship Fas bitwien the Narth and Eaft 100 
6 Mie: ; and then finds by Obſervation, that ſhe hath raiſed 
1 the Pole 1 Degree, or 60 Min. or Miles; I demand. the 

Courſe and Departure. 
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For the Departure, Ta 


100 60 Sg. of Dift. 12100 
110 60 Sgq. Diff. Lat. 3600 
600 : CR —— 
1100 3600 Diff. of Sa. 8500 
+50 110 | „ | 
— _* 85co(92 
12100 OW 
182)400 
364 
36 


The Quotient 545 ſought in the Table, the neareſt 
given Number is 555, and againſt that, for the Courſe, 
you have five Points, which is N. E. by E. becauſe the 
Courſe is between North and Eaſt, and the Departure 
is 92, for you need not regard the Fraction in the 
Square Root, it being but a ſmall Part of a Mile or Mi- 


nute in the Departure. 


CASE V. Diflance and Departure given, to find 
| Courſe and Difference of Latitude. | 


The RULE. 


Subtract the Square of the Departure from. the Square 
of the Diſtance, the Square Root of the Remainder is the 
Difference of Latitude; and then find the Courſe as in 
Caſe IV; only mind to find the Quotient in the De- 
parture Column. 


Queſtion. A Ship fails in the S. W. Quarter 124 Miles, 
her Departure 95; J demand the Courſe and Difference 


of Latitude, 


H | For 
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Por the Courſe. Fs the Dif. of Lats 
124)95000(766 7-2. tt Square of Diſt. 1 5376 
_—_— 124 95. Sq of Dif. Lat. 


"Thy +760. — — Diff. of Squares 635 


ee , Fe 
FI. — 
F . : FLS * 
G i e ene 
n N 1347 
8 


The Courſe is SW. + W. neareſt; for the neareſt given 
Number to the Quotient 766 is 772, which is the Num- 
ber for ſour 4 Points, or S. W. W. and the Difference of 
Latitude is 79, or rather 80, becauſe the Remainder of 
the Square Root is fo great: And here obſerve, for 3 

eneral Rule, that becauſe the laſt Remainder in the 
traction is a Numerator to twice the Root for a De- 
nominator; therefore if the laſt Remainder be more 
than the Root, add one to the Root, and that. will be 
the Root exact enough in this Caſe ; but if the Remain- 
der be leſs than the Root found, the Root is the neareſt 
whole Number that anſwers the Queſtion, and you need 
not regard the Fraction at all: Thus in the uo 
Caſe IV, the Root is 92, and the Remainder is but 36, 
and therefore I keep 92, for the Departure, and reject 
the Fraction. But in the Example Caſe V, the Root 
is 79, and the Remainder is more than the Root, vis. 
110; and therefore I add one to 79, and the Sum 80 is the 
Difference of Latitude required, and fo in others. 


CASE 


) 
7 
e 
- 
| 
d 
e, 
b, 
a 
0 
iz. 
he 


1 A; * n - 
OT A TS PO IR is. 
* 
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CASE VI. Difrence of Latitude and Departure gi- 
ven, to find the Courſe and Diſtance. 

The R UL E. 


Square the Difference of Latitude, and alſo the De- 
ture, and add the two Squares together; the Square 
oot of the Sum is the Diſtance 4 z and then find 
the Courſe, 28 in Caſe IV, or Cafe V. 


Nulli. A Ship fails in the N. W. Quarter, till her 
Difterence of Latitude be 220, and her Departure 1083 


I demand the Courſe and Diſtance. 

Nr the Diftarice. - : 

220 105 Square of Dif. Lat. 48400 
220 108 Square of Departure 11664. 
— — — — | | — — 

44 364 Sum of the Squares 60064 
' 44 "4 1080 24 822 ,* 0 

484⁰⁰ 11664 4 oY” 

Fer the Courſe. © 44)200. 

245% 2200000897 _485)2464 
2400 2425 
1950 ul 


235 


The Courſe is 2 Points and a Quarter, or N. N. W. 
+ W. the Diſtance 245 Miles. | 
Although the Operation in this Caſe ſeems the moſb 
tedious of all the reſt, becauſe we have aſſumed greater 


Numbers for the Data of the Queſtion, yet even in the 


greateſt Number, this W is much more expeditious 
a 2 2 than 


* P pp * X | 7 
. 8 * 


too Meyeator's Sailing Ariibmetital. Chap. I. 
"than working'by a Canon, as a little Practice will make 


manifeſt, - 


. * HA 42 * * 4 
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 Mercator's Sailing Artthmetical. 


W HAT I bave writ of Plain r 
Uſe in Mercator s Sailing, fo far as | e, Di- 
ſtance, Difference of Latitude, and Departure, are Terms 
either given or required; and the ſame Table of given 
Numbers is of equal Uſe in both; and as for the Diffe- 
rence of Longitude, it bears the ſame Proportion to the 
Departure, that the Meridional Difference of Latitude 
bears to the true Difference of Latitude, by Euclia Lib. 
6. Prop. 4. and indeed by the Help of a Table of Meridio- 
nal Parts, the whole Practice of Plain Sailing, as per- 
formed by given Numbers, may be reduced to Mercator, 
by Euclide, Lib. 6. Prop. 4. For being both projected by 
a Plain Triangle, and the Courſe, whether given or 
required, being the ſame in both, there muſt needs be 
the ſame Propdbrtion between the en] Diſtance, and 
the true Diſtance, (being ſuppoſed td be the Hypotenu- 
ſes of 2 Equiangular Triangles) or between the Difference 
of Longitude and Departure, (the Perpendiculars of the 
ſaid 2 Equiangular Triangles) as there is between the 
Meridional Difference of Latitude, and the proper Diffe- 
rence of Latitude, (being the Baſes of the faid 2 Tri- 
angles) and upon theſe Propoſitions the whole Fabrick 
of Mercator's Sailing is grounded; the exact Truth of 
which is proved not only by the Demonſtration of Euclide, 
in the Propoſition above- named; but alſo by comparin 
the Queſtions thereby performed to thoſe in the frſ 
Part, performed by a Canon, in which I ſhall, for the 
Reader's SatisfaCtion, refer to the ſaid Queſtions, as in the- 


following Examples, 


CASE 


of Longitude 


tude. 


bd 


The RULE. 


Fd Difference. mende Departure, as i 
Caſe of Plain Sailing Aritlmetical; and then for Di 
ference of Longitude, the Proportion is, per 
Difference of Latitude to Meridional Difference of a 
titude, 0 . to Difference of amen: 

Aeli. A, Ship in Lat, god/coar North, Al N, 
W. 1 N. 987 Miles ; I demand the Latitude come ta, 
together with her D and Difference of Longi- 
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C A 8 E I. One Latitude, Courſe and Diftance given, 
to find the * Latitude, Departure, and Difference 


As- pro 


Fir Departr 
3597 


— — — 


555 


4935 
4935 
4935 


$677185 


z 


Diff. of Lat. 810 or „ 4 tu M 
Diff. of Lat. 15 19, then for Diff. Lo — 548, I 


As 820 to 1519, ſo 548 to Ditt of I Longitude. 


I519 $20)832412(1015 
I «124 _ 
- 4212 
WY — — 
076 112 
7595 
1 
832412 H 3 


CASE 
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CASE II. Beth Lotitades and Cowſe given, 1s hd th 


The RULE. 


Find the Diſtance and Departure, as in Caſe the ſe- 
cond of Plain Sailing  Arithmetical, and then find the 
Difference of Longitude, as in the firſt Caſe of Mercator's 
Sailing. : | 7 

Dueftion, A Ship fails from a Port in Latitude 
56d. 25m. North, and fails away N. N. E. ſeveral Days, 
and. then finds. herſelf by Obſervation in Latitude 689. 
zom. North; demand how far he hath ſailed, and what 


Ir the Dis. Fer the Degarture. 
| 924)7250co(784 7585 
7820 | 383 
44956 i— 
| Pg 
584 6240 
2358 
ct 
As 725 to 1593, ſo 300 to Diff, — 
| 300 #725)47190o(6gg ' 
n f 4290 14 
47% 6650 
1 


The Diſtance is 784 311, or rather 785, the Departure 
300, and the Difference of Longitude 659 444, or 660. 


A 


Set. II. Abertufofn Sailing Arirbnittical. 66 


C ASE III, One Latitude, Courſe, and Difference or 
Longitude given, to find thi ther Loni, Diftance and 
Departure. | + ns. nerd Son, a 


The R U E E. 


Add ſo many Cyphers to the Difference of Longitude 
as you intend. to uſe Figures in the Number to di- 
vide by, and work as in Caſe HI, 6f Plain Sailing Arith- 
metical ; only obſerve, that whereas the Quotient there 
is the true Diſtance, becauſe you . work by Departure, 
ere the Quotient is the enlarged Diſtance or the whole 
ofeniuſe, contained between the Angle of the Coùfſe, 
and the Top of rhe longeſt Perfjendicalar,” fepteſenting 
the Difference of Longitude ; and then the enlarged 
Diſtance being found, from the Square of tHe enlarged 
Diſtance, ſubtract the Square of the Difference of Longi- 
tude, the Square Robt of the Remainder is the Meridio- 
nal Difference of Latitude, which being found, the one 
Latitude given, the other Latitude is eaſily found : Then 
for Departure, it is only the former Proportion inverted, 
viz. As Meridional Difference of Latitude to proper 
Difference of Latitude, ſo Difference of Longitude to 


Dueftion. A Ship in Lat. 55d. dom. North, fails N. 
W. half W. till her Diff. of Longitade be 1 Deg. or 60 
Min. I demand the Diſtance, Departure, and Latitude 


come to. 

For the enlarged Diffance. 

ae eee e 
—— Difference of the Squares | "12685 


H 4 12685 
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vgn 
'T 


21)026 
21 
222)585 


141 


Merid. Parts of Lat. ſail'd from 1 — 
Merid. Diff Lat, 2d.——— i i] 


Merid. Parts of Lat. come —ç 6 04—468 L 


As Merid Diff. Lat. 11 3 to proper Diff. Lat. 64, ſo i is 
the enlarges Dift. 128 to the true Dit. 72 


128 113) 8192072 
64 a 20 | 
512 _ 
768 by 
8192 
Hr the Departure. 


As Mer. Diff. Lat. 113 to proper Diff. Lat. 64, fo 
Diff. of Longitude bo to Departu re. 


: 64 1 3)3840(33 Dep. 33, or rather 34+ 
— 8 1 
3840 OY 111 


CASE 


*. . 


CASE IV. Both Latitudes and Diftance given, to find 
© the Courſe, Departure and Difference of Longitude. 


The RULE. 


Find the Courſe: ad; Departure, as in Caſe VI, of 
Plain Sailing Arithmetical, and then find Difference of 
1 as in Caſe I, of Mercator's Sailing Arithme- 
tica | 

' Oueftion, A Ship in Lat. 55d. oom. North, fails between 
the North and Eaſt 86 Miles, and then is by Oblreatiog 
in Lat. 56d. tom. N. I demand as above. * 
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82 


See the ſame 2 in Mercater' 5 Sailong, Caſe v. 
For the Departure. 


86 of Dif. 7396 2496(49 
86 an 89 of Dep. 4900 — 
| Tr 
516 w ——— Diff. of * 2496 89)896 
988 4900 
— — 


7396 "op 
For the Courſe, Fir the Difference of Longitude. 
86)70000(813 As 70 to 124, ſo 50 to Diff, Long. 
a 3 7000 
340 —— 
— 6200 — 


The Departure 50, the Courſe N. E. AN. the Diff. of 
Longitude 887. ; 


CASE 


1086 Mereator's Sailing Arithmetical. chap. I. 

As E v. Bub Latitudes and Departure given; 
the Courſe; Dillauos and Difference Langitude * 
The. R UL Z. 


Find the Coutſe and Diſtance, as. in Goſe VI. of Plain 
Sailing Arnhmetical ; and Difference of | 


the firſt Cafe of Mereater's Sailing Arithmatical. | 


Quin. A Ship in Lat. 55d, oom. North, ſails be- 
we theNenth and Eaft into Lat. Ee) North, her 


Departure 50 Miles; I demand the ſc, Diftance and 
. of Longirude, 
Fer the Dj iflance. wr 
jo 5 e e e 
4990 2509 Sum. of Squares 7409 echtes 
For the Courſe. Hr Diff. of Ling. 
86)70000(81 3 As 70 to 124, fo 50 to Diff. of Long. 
340 3 70)b200(88} 
MR 


40 


The Courſe is N. E. 2 N. the Diſtance 863 the Diffe- 
rence of Longitude 88+, or rather 89. 


CASE 


Lan e de A 40 


CASE VI. 5 Lotitudes aud Dif. of Longitude fi- 
vm, to find Courſe, Diftance, ana Departure. 


The RULE. 


1 the Difference of Longitude, and alſo Meridio- 
nal Difference of Latitude, the ſquare Root of the Sum 
of theſe two Squares is the enlarged Diſtance: Then, 
as Merid. Diff. of Latitude to proper Diff of Latitude, 
ſo the enlarged Diſtance to the true Diſtange: And 
chen find the Courſe as in Plain Sailing Arithmetical, 
Caſe IV. | 
Dueſtion, Suppoſe two Places, one in Lat 56d. 15m. 


North, the other in Lat. 58d, 35m. their Diff. of Long. 
2d. 20m. or 150 Min. Idemand the Courſe and Diitance 


from the Southermoſt to the Northermoſt. 
For the Diſtance. 
150 | 260 
150 260 
75 156 
15 52 
22500 67600 
Sq. of Mer. Diff. of Lat. 67600 go100(300 
$qu. of Diff. of Long. _ 9 — | 
Sum of the Squares 9010 60) o0¹ 
ooo 
600)100 


— — 
1 1 'E — —— 
> a. =» 4 - wy 1 * 
— — Y— 7 1 3 * — 


N 
1 
P 
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60 to 140, ſo 300 tot Di 
[of i 300 | 4 2855 . 485 the Courſe. ® 


— 1400000869 
4 wo E TI: 
n 183540 


I 
The Diſtince 161. The Courle N. N. W. 18. 


CASE VII, One Latitude, Courſe and Departure gi- 
ven, to find the other Latitude, D eh and [ Diff Ference 


of Lind. 


The RULE, 


Find the Diftance by Caſe III, of Ph Set Arith- 
metical, and Difference of titude as in Caſe V, of the 
ſame ; and Difference of Longitude as in all the other 
Caſes hereof. | 


Dueftion. A Ship in Lat. 58d. oom. North, fails S. S. 
W. 3 till ber Deparur bs ws I demand 
as above, 


Fer the 22 Er Dig. of Lat. 


* 2 7 


Sell i.” - ald gur Arithm liel. 


5 . a 7 
o S + * 


Square of Ditance——16129 32 40 "T7 
Diff. of che Square. 12529 21)025 .. 
Wr 21 
4 GOC/ Q&T * N | 
T a 3 221)429 
1 
9 — — - 


Fer the Difference of Longitude. © © © 
As proper Diff. of Lat. 112, to Merid. Diff. Lat 257 


ſo Departure 60 to Diff. of Long · 
1 T1 29123900010, 
a TY: 
0: | J SINE 
12360 : ++ 4O 


The Difference of Latitude 112 Min. or 1d. 52m. 
which ſubtracted from the Latitude ſailed from, becauſe 
the Courſe is ſoutherly, the Remainder is the Latitude 


come to, 56d. 8m. the Diſtance 127; the Diff. of Lon- 
gitude 110. 


CASE VIII. One Latitude, Diſtance and Departure 
given, to find the other Latitude, Courſe and Difference 


of Longitude. 
The RULEZ. 
Find the Courſe and Difference of Latitude as in Caſe 


V, of Plain Sailing Arithmetical; then find the Diffe- 
rence of Longitude as before. 


Dreflion. 


110 Muc Ser evithmetical. Chap . 


weſt, A Ship in Lat. 58d. oom; North; fails be- 
_ tween che South and Weſt 127 . her r * 


Idemand the reſt, 
r the D Lanai _ 
127. $5.06: Bin. 16126 70 
3600 1 


127 60. S. of Dep. 
. 60 — — —6— 
f 889 —— Diff of  Sqs. 12529 21)025 
21 


256 3600 

127 | "3 Be 7 — 
5 8 nn 221) 429 

16129 i ue n ine 221 


Nette ese god e. 2 2 208 

1 1437 {4 Liv O Ns! 14 V+ „ 249K 1 5 

For the Centſes Fer ae Longitude. 
127)60000(472 As 112 to 206, ſo 60 to Diff. Long 


920 6 112) 123600110 
310 — 116 
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The Courſe S. S. W. 2 W. the Lat. come to 564. ob. 
and Diff. of Lon. 1 10. 
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Parallel Sailing Aritimetical. 


Bere 1 proceed to the Solution of the ſeveral Caſes 
of Parallel Sailing, I {ball inſert a Table of given 
Numbers, which is equally uſeful in Paralle/ and Mid- 
ale Latitude Sailing ; for by thoſe Numbers the Depar- 
ture in Middle Latitude. Sailing (which is the Diftance 
in a Parallel, or Eaſt and Weſt Courſe) is reduced to 
Difference of Longitude without any Logarithms, Sines. 
or Tangents, only by one Operation in Diviſionzthe Uſe 
of which Fable in Parallel Sailing is thus: 
| When you have the Diftance in the Parallel given, add 
ſo many Cyphers to the Diſtance as you intend to uſe 
Figures in the given Number, and then divide the one 
by the other, and the Quotient is the Difference of 
Longitude: But if Difference of - Longitude, and the 
Latitude is given, multiply the Difference of Longitude 
by the given Number belonging to that Latitude, and 
from the Product cut off as many Figures as you multi- 
ply by, and the reſt is the Diſtance ; and conſequently 
if Diſtance and Difference of Longitude be given, and 
Latitude required, add two, three, or four Cyphers to 
the Diſtance, and divide that Sum by the Difference of 
Longitude, the Quotient found in the Table is the given 
> 5 anſwering to the Latitude required, &c, 
I | 
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112 Parallel Sailing Arithmetical. Chap. IV. 
T7TABLE of given Numbers for Paralle! and Mid- 
dle Latitude; the given Ne. for Lat. oed. oom. being 
1000. | Sos 1 , | 


Ne. | Dif. [Lat. | N® | Dif: Tar. Ne. Dif” 


— 2 


. — 
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Te Vie of; this 1 n Numbers for Paralle! 
and ga! ane, partly laid down in the 
og the Table, . "hall: be further exem- 
e e in wy 1 Caſes; of Paralla and Midale Lati- 
tude Sailing, and the ſame Cautions ate to be obſetved in 
the Uſe of this, that was to be * in the firſt Table 
of given Numbers;/yiz.., that for: Plain Sailing Arithmetical; 
for, if the third Figure of the given 2 | 
or 1, or. 2, you, need -ule. but, two Figures, (unleſs: your 
Queſtion be, propoſed in very great Numbers j) or it the 
third Fig ure be 8 or 9, you may add 1 to the ſecond 
Fig ds proceed i in your Work: Biit-in'this/Table, 
2s allo ih that of Plain Sailing, if your Queſtion be pro- 
pounded in Numbers bi of three or: ſour Fi igures, 
1 to uſe at leaſt as many Figures df the 
umber, as there is in the Data, or given Term — 
Queſtions, a we abionabs evident by the . 
»C]- 510 140 mn m nog. 6 
7 — ſet down dhe ginen Number, ably sbs 
Degrees of Latitude; the Numbers io the intermediate 
Minute being eaſily found by propottioning the Diffe- 
rences ſet down in 1 third, ſixth, and ninth Columns 
of the Table, the Uſe of which Albig Suppoſe in a Pa- 
alle Courſe; the Latitude. of the Parallel (or in a Ad- 
— gnin, Ga Middle Latitude) be — De- 
ees, and I deſire to find in the Table the given Number 
— that Latitude; I look in the Table _ [ Lat: ] and 
find bh, and againſt it, under [ Mum. ] you find 4595, the 
given, ber requited; But if you would find the given 
= Nog r Lat. 595 Zoom. I look for the Number for 
Lat. * and find 5000, and it being a Latitude between 
59 and 60, I look againſt 60, under Dig. J for the Dif- 
ference, * the Difference between the given Numbers 
for both Latitudes is always. againſt the greater Latitude) 
and the, Difference is 150, therefore Etake half of 150, 
becauſe, 30 Minutes is half a Degree, and add it tothe 
given Number for 60 Degrees, viz. 5000, [the Sum 50% 
is the given Number for the Lat: 59d. — which * 
required 9 know. N n 
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$14 Parallel Sailing Avithmutical. Chap. IW. 
Weite, The given Number for” Lat. od. om. is 
and from thente, as the Latitude increaſes, the Num- 
bers decreaſe; ſo that the Number for Lat: o is 'po603 
given Number; therefore obſerve always "when yon 
would find the Number to any Latitude confiſting of 
Degrees and Minutes, take the given Number to the bi - 
ger Latitude, and to that add the proportional Part of the 
Difference found againſt the bigger Latitude, the Sum is 
the given Number required, One Example will make it 
_ . - Suppoſe I deſire to know the given Number for Latitude 
45d. 40m. the Number for 46 (the bigger Latitude) is 
6946, and the Difference 124 ; one Third of which, vis. 
41 neareſt, added to the Number 6946, the Sum 6987 ig 


the Number required. : 


- 


tude. 
I deſire to know the given. Number for Latitude 43d. 


The Latitude 43d. 24m. wants 36 Min. of 44 Deg- 
therefore, as 60 to the Difference 120, ſo 36 to 72; 
which added to 7193, the given Number for the bigger 
Latitude, the Sum 7265 is the Number for Lat, 43d. 
24m. required. nr ER. nia 

Mete, If you uſe all the four Figures of the given Num- 
der, the Difference is as it is expreſſed in the Table; but 
if you cut off one Figure or two, &c. from the given 
Number to the Right-hand, you muſt alſo cut off ay many 
from the Difference, and the Remainder is the Difference; 
only if the laſt Figure of the Difference be 8 or 9, you 
may add one to the third Figure, as in other Caſes before- 
mentioned ; the Reaſon is evident to them that underſtand 


Decimals. 
Example. 


* 88 4 » * 
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Se. III. Parallel Sailing Arithmetical. 115 
Fam. I defire to know the given Number for La- 
tach collateral Number, wiz. Latitude 69, and Latitude 
1 and then the Numbers are 358 and 342: And ſecing 
cut off a Figure from the Number, I muſt alſo cut one 
vif from the Difference; and then the Difference is 16, 
which uſed according to the foregoing Rules, the given 
Numbers for Latitude 69d. 45m. will be found to be 346, 
and ſo in others. 


CASE I. 7 Ships or Places in one Parallel, their 
 Ladivads and Diflance given; to fu thitr Difftrmes of 


The RULE; 


Add fo many Cyphers to the Diſtance as you think touſe 
Figures in the giver Number, and divide by the given Num- 
ber for the Eatitude of the Parallel, thie Quotient is the 

Quien Two Ships in Latitude god om. diſtant 76 
Miles; I demand their Difference of Longituſe. 

The given Number for Latitude 50 is 6428, but if I cut 
off one Figure! to the Rigbt- hand, it will be 642 ; but 
becauſe the laſt Figure; wit. that to the Right - hand, 
which I cut off, is 8, I add one to the third, and then 
it will be 643 ; and becauſe I uſe three Figures of the given 
Number, I add three Cyphers to the Diſtance, and then di- 
vide one by the other, according to the-aforeſaid Rule, and 


the Worte will ſtand thus: 


64.3)7 6000(118 The Diff. of Long. 118 Min. or 1d. 58m. 
1170 | 
5270 


126 


116 Parallel Ne Arithmelical. Chih. ty. 


Or it I cut off two Figures, the reſt to work with will be 64, 
and then I add but two Cyphers to the Diſtance (becauſe i 
- uſe but two Fi No of the' given nom > and _ em 


will ſtand thus: 


* 


F | heels The fame wich bh foregin 
1 Sat * ot A | N. 1 
8 e 


CASE Il. Twe Places inone Parallel, and Latitude and 
Difference of Longitude given, to find their Diſtance. \ 
The RULE. 


This is only the former Caſe inverted; for having found 
the given Number for the Latitude, multiply the Diffe- 
rence of Longitude by it, and from the , eut off 
as many Figures as you multiply by, and the reſt is the Di- 
ſtance required; and thoſe cut off are a Decimal Frac- 
tion to be underſtood as in the Rules laid down at the Be- 


ginning of Plain Sailing Arithmetical. on | 


ueflion. Two Places i in Latitude 50, their Difference 
| of Longrae 1185 I demand their Diſtance. | 


643 
118 


5144 The Diſtance 75 153, or rather 76, 


043 
—_ 


—— L—¾.ʒꝛ 


751874 
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ect. III. Parallel Sailing Arithmetical. , * 
SAL E III. Two Places, their Diſtance and Differmc 

i An greens: fs final ihe Latium they are in. * 
orig aal do #97 e RUL E. , . , : 


od pea or four Cypher to the Diſtance, and divide 
that Sum, by the Difference of ue the Quotient i is 


the given. Number for the Latitude requ 
Dueftioh, A Ship fails due Weſt —.— Nez and then 


finds her Difference of Longitude to be 4200 Min. | de» 
mand what Latitude the Ship is in, 


'4200)27o0000{642 ves 448 - 


SC — * 


3600 


Dp Aeg three Cyphers to the Didance, and working 

as before directed, you find the Quotient 642; or if you 
add four Cyphens, it will bring out four Figures in the 
Quotient, viz, 6428, which found in the Table, you find 
it againſt Latitude 50, which is the Latitude of the nn 
required. | 


CASE Iv. Two Ships ſailing Act) North or South, 
their Diftance in one Parallel given, to find their Di e 
in the other Parallel. 


The R UL E. 


Find the given Numbers for each Latitude, and ſay 
by the Rule of Three: As the given Number for che firſt 
Latitude to the given Number for the ſecond Latitude, ſo 
the Diſtance in the Latitude to the Diſtance in the ſe- 
cond Latitude. 


Queſtion. 


I 3 


1s Pau baia Avithnintical. Chap. AV. 


> P 


Miles! Gul bots dach North into-Lat. 736, om. I de- 


mand their diſtance in that Parallel. 
Here we ſhall uſe but the two firſt Figures of the given 


Numbers, becauſe the third Figure in each Number! 1s but 
mall, viz. 2; And then, by the foregoing Rule, Wet 


As 64 to 29, fo 2009 to the Diſtance in Lat. 73, 


29 64)5Boolgo. 
200 

— — © 4 = 
5800 Wr, 


Their Diſtance in Lat. 7 3·ĩe 90 #79 or (if you will avoid 
Fractions) 91 Miles. 


AS E V. Two Ships i in one Parallel with their Diſtance 


O 
in that Parallel given, and failing both direftly North or 
South, with their Diflance in the r Juiks ta, given, 


R 
De R UL E. 


This is only the former Proportion (in Caſe i. ) 
inverted, viz." As Diſtance in one Latitude to the 
Diſtance in the other Latitude, ſo the given Number 
for one Latitude to the given Number for the other La- 


titude. 
Qugſtion. Two * in Lat. 50, diſtant 200 Miles, fail 


both directly North, till they are but 91 Miles diftant ; I 


demand the Latitude come to, 
As 200 to tr. ſo 64 to the given Number for the Lati- 


tude come to. 


91 


two Ships in 4% Selen 


e 
Mi dale Latitude Sailing Arithmetical. 


OR ſeveral Caſes and Queſtions of Middle 
Latitude Sailing, we ſhall have occaſion to make Uſe 
of both the Tables of given Number; for in all Caſes 
or Varieties, where the Courſe, Diſtance, Difference of 
Latitude, and Departure, 1. Terms _ Siren or 
required, the Operation is performed by r 

as in Plain Sailing ; but when rr 
Term in the Queftion, (whether given or required) the 
ſceohd Table is of Uſe, as will appear by the following 


Examples, 
CASE I Ons Latitudt, Courſe; and Diffanci given, 


to. find the other Latitndl, Departure, and Differengs of 
Longitude e * © cox 


The RULE. 


4 1 | 3 be — Lag 
an y the 

29 in Caſe I. of Plain Sailing Arithmeticaly and then for 
I A, it is found by the Tale 


n IT 6 
4 Y 4 EL N 


120 Middle Latiunde Sailing Arithimetical. Capi. 
Table thus: Find the given Number ſor the Middle Lati- 
tude, of which you may uſe two or three, or four Figures, 
according to the Rules laid down az the Beginning of Plain 
Sailing, and alſo at the beginning of Parallel Sailing Arith- 
metical ; then to the Departure add ſo many Cyphers to the 
Right-hand, as you intend to uſe Figures in the given 
Number ; that Sum divided by the giyen Number, the 
Quotient is the Longitude required, oO © * 
:- Dueſtion. A Ship in Lat. 50d. om. North, fails N. 
W. by N. 987 Miles; I demand the Latitude come to, 
with Departure, and Difference of Longitule. 


Bess Paerellaubeee Dosees iy sg 
Caſe of Plain Sailing Arithmetical. | a 


Diff. of lat. Fir the Departure, 


987 987 
Og bis 8: : 97 oh 
met) % ; £GH223802 15s * 
78905 3 will eee 
—— 4935 | 


Although the three firſt Figures of the given Num- 
ber to find your Departure for that Courſe be 555; yet the 
laſt Figure being 6, I cut it off, and add one to the 
third Figure, and call it 556, as in the Operation a- 
bove, and ſo the Difference of Latitude is 819, or rather 
820, and the Departure 549, allowing one for the 
Fraction. . . 5 


Then Ver the Difference of Longitude. | 


|. The Difference of Latitude being 820 Min. or 13d: 40m. 
the Latitude :come to is 63d. 40m. and conſequently the 


ddle Latitude is 56d. 50m. the given Number for that 
dle“ x 1 Latitude 


* 


— 


Set IV. 1d Latitude Sailing Arithmetical. 121 
Latitude (ſound by the Rules laid down in the Beg 
Pall, Sailing) is 5470; but the laſt Figure” Blick & 


Cypber, I cut it off, and work with the reſt,” as in the 
Rule above, and the Qperatian ſtands hu: 
47 ) 549000 1003 The Difference of Longitude is 
18 . . 1003 Min. or 16d. 43m. Weſt. 


CASE II. Both Latitudes and Courſe given, to find the 
Doparture, and the Differmce of Longitude. 
e NY. T5124 2003 4 345 * 4-4 , ' "= 14. 


Find the Diſtance and Departure, as in Caſe the ſecond 
of Plain Sailing Arithmetical, and then find the Difference 
of Longitude, as in the firſt Caſe of Middle Latitude 
Sailing Arithmetical. * © ooh 

Note, In Middle Latitude Sailing Arithmetical, this Way 
of finding the Longitude anſwers in all the Caſes thereof, 
and therefore I ſhall not need to mention it in the reſt of 
_ Queſtion. A Ship takes her Departure from a Port in 
Latitude 56d. 25m. North, and fails N. N. E. till ſhe finds 
herſelf to be by Obſervation "in Latitude 68d. 3om. 
North; I demand the Diſtance failed, with her Departure, 
and Difference of Longitude. | | 


The Difference of Latitude is 12d. 05m. or 725 Min. 


For the Diftance, Ver the Departure. 
924)725000(784 OBS , ZE 
LE, WE. cunt dane 383 

4280 : — 
1 2.355 
684 6280 

N 2355 


% * , " 4 % 
we * N 5 a " 4 
T% WY 
. 


I \ * aide 
F % IE 
* 0 


f 2 ? Middle Laune, Sailing Sima 0 
; be Middle Latitude bad dm, . 
ebe. E b l. „ | 


Then for the Difference of Longitude, 
 462)zorooo(651 
2380 
. 700 


. n 


238 
; the Dif. 6 
gitude — wy ea e or 10d e 3631 ef Lon 


CASE HI. Both Latitudes and 
the Cuaſe, brate on RT Eat _ 


The KUL E. 


Find the Courſe and 1 as N ths 
8. Arithmetic and the erence of 
are 


Aen. A Ship in Lat. 550. oom | fails between the 
Not and Eaſt 86 Miles. an then Bade hett by Ohe 
fervation in Lat. 56d. om. her Courſe, Departure, and . 

Difference of Longitude, is required. 


For the Departure by the Square Root 


86 70 Square of the Diſtance ' 230k 
K 70 Square of the Departure 4900 
118 4900. Diff. of the Squares | 2496 


— 


7390 


2496 


* Aale Latitude bg Arichotical. 123 


1 Departure 30 
1 eee 


a of Ploie bait 
8 *-4 z 4 
OI . - 


Bee Read: 


3k, 


The rture 30 the Gate N. E. } N. and the 
The Dep Longitude 88 3 fre. 


CASE IV, Bath Latitudes and 


Depertere given, to find 


the . Diflance and Differ ence of Longitude, 
The ABSS 


4284 fue $56 80d. — 2 


rture 50 Min. or Miles, the Courſe, Diſtance, and 
rence of Longitude arg required. 


* The Diftrencao? Landes 70 Mie 
For the Diflance by the Square Rur. 


f Dif. Lat. 400(66 
79 5 — 2 — + 


F — — — 


4900 '2500 Sum of Squares — 7400 wachte 


—— ö 


004 
For 


124 Middle min Aritbmetital, Chapgv. 


| Aru, Cour Free 2 ker the Dif ler. 
* 60 85606130 * The Mia Lat; 55d, 35m. 
| ers | W be given n 5652. 
340 | 
— 563)50000(88 
| 82 | 4800 
N 280 


Longitude 88 ; Min. or 1d. 28m. Eaft. 


CASE V. Both Latitudes and Di ference of Longitude 
given, to find Courſe, Diftance and Departure. 


The RULE. 


In all Caſes where the Difference of Lp is given, 
and Departure required, the Operation is but the Inverſe 
of that * finding Difference of Longitude when Depar- 
ture is given; for if the Departure, with Cyphers added 
to the R ght hand, and divided by t * given Number for 
the Middle Latitude, produce the Difference of Longitude; ; 
then the Difference of Longitude, multiplied by the given 
Number for the Middle Latitude, muſt needs produce the 
Departure, with Figures to be cut off; becauſe any Q- 
tient multiplied by the Diviſor produceth the Dividend ; 
therefore, to find the Departure in this Cafe, multiply che 
Difference of Longitude by the given Number for the 
Middle Latitude, - an from the Product cut off as many 
Figures to the Right-hand as you multiply by, and the reſt 
is the Departure; thus having the Difference of Latitude 
and Departure, find the Courſe and Diſtance, as in Caſe VI. 
of Plain * Aritbmetical. 


2 ns „ * — TT, „ 


Dusftion 


* The Diftance 86 f the Courle K. E. IN. the Diff, of f 


. 


val. Middle Latitude Sailing. — 125 


Nein, | I demand the Churfe,” Diſtance and Depar- 
ture between two.Places, one in Tat ; 56d. T5m. North, 
the other in Lat. 58d. 35m, North, their Difference of 

| e 150 * or 2d. 3m. 


Ar. "Pr the Departure. 


"The Middle 3 3 574 2 . and G ge 
35384 _ 
+1156 bee . 
5384 
5% e 
For the Caurſe. For the Diftanely the Square Root. 


161) 40086 140 81 Squ. of D. i. 
5 


: FY 


.1120 140 81 n 6561 
1540 — , — — 
— hoo 1 8 Sum of Sauaresb 61 | 
5 . 91 140 648 
— — 666 as 
19600 6561 I 
26)161 
r a6 
321)56r 
3321 


The Diſtance is 161.3 the 8 80 Wo, or (to 
avoid, Fractions) 81; the Courſe 2 4 Points to the Eaſt- 
ward or Weſtward of the North or South, according to 
che Denomination of the Longitude whether Eaft or 


Weſt, 
Theſe 


* 


. Theſe being the moſt uſeful Caſes, I ſhall (as in Middle 
Littitnde Sai +; 2 ir oy ae the Data 
a e reſt; with R. or. working 
WR Can the Operation fr the Lear Pdhce, 


, - 


. 9 
. 
$ $ | 
- * 
4 * 


CASE VI. One Latitads, Coutſe,. and Departure given, 


to find the other Latitude, Diſtaiice, arid Differetice of 
Ne BOD go 
Find the Diftance and Difference of Latitude, (and con- 
ſequently the other Latitude) by Caſe III. of Plain Sailing 
Arithmetical, and Difference of Longitude as in the other 


CASE VII. One Latitude, Diffance, and Departure 


given, to find the raft.” 

"The R UL E. 
Flad the Courſe and Difference of Latitude, by Caſe V. 
of Plain Sailing Arithmetical, and Difference of Longitude 
as hebre. N 2 
- CASE VIII. Courſe, Departure, and Differente of 
Longitude given, to find both Latitudes and Diſtance. 

The RULE. 


Find Diſtance and Difference of Latitude by Ca/d 
III. of Plain Sailing Arithmetical ; then divide the De- 


parture (with Cyphers'added on the Right hand) by the 


Difference of Longitude, the Quotient is the given 
Number for the Middle Latitude, conſiſting of as many 
Figures as you added Cyphers ; and the Middle Latitude, 
and Difference of Latitude, thus given, or found, the 
other Latitude is eaſily found ; but becauſe Departure and 
Difference of Longitude given, to find 'Middle Latitude, 


(and conſequently : Latitudes) is a Variety that 1 


146 Inu tan bag ul cih. 


Sekt. IV. Middlt Eatirude Sailing Arirbmetical. 12 

bot had mple iy, 1 ſhall inſtance in one Qyefti 
o 
Queſtion, A Ship ſails N. N. E. eli her Departure be 


301, and Difference 
1 dudes and Dis 


For the Diſtance. For Dif Lats by the Square Root, 


 383)301000(785. n 
N et th 3+, 301. © 
.2260 —— — . 
EIS 3925 301 
833 6280 9030 
616225 


For the Middle Latitude. 


65 1) 3010000462 
4060 


1540 
. — — | 
238 | 


The Number 462 is the three firſt Figures of the gi 
Number for the Middle Latitude, which anfwers to Lati 
tude 62d. 28m. then half the Difference of Latitude ad- 
ded to, and ſubtracted from the Middle Latitude, gives 
the two Latitudes, 56d. 25m. and 68d. 30m. and the 
Diſtance is 785. | 


I Note, 


of Longitude 651 ; I demand. both 


a dt... tht. * * ht — r n 


* , „ N LPS," 
R * F 
> x - ”—_ * 9 
. < * 
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"Nate, Although the Difference of Latitude comes out — 
744, yet the Fraction 1s fo great, that if. the Number 2 
been ow Unit more, the Root had been n 


CASE IX.. aids Latityde, Courſe and Djftance given; 
to 271 both Latitudes, Departire and Difference of Lon+ 
gil - 


N. R U E E. T 

By Courſe and DS find Difference of — 

and Depatrure, by Caſe I. of Plain Sailing Arithmeticaly 

_—— then” find Difference * . as in other 
bw” OE Jn 


CASE X. Cur Dittne and Diffirene of Longi- 
tude given, to find; both Latitudes and Departure. 


The RUL E. 


Find Difference of Latitude and Departure 97 baſe 
of Plain Sailing Arithmetical, and then find. Middle Lati- 
tude, and conſequefitly both Latitudes, by Cafe VII. 
hereof. 


CASE. XI. Curſe Differente of Latitude and Di 770 
rence 55 Longitude given, to find both Latitudes, 3 
and D parture. dd 


The R UL E. 


Find the be Diſtante and Departure by Caſe TE of Plain 
Sailing Arithmetical, and then End Middle Latitude, and 


thereby both Latitudes, by Caſe Vl. hereof. 


* 


Jeet * Midale Latitude Sailing dritbmeticel 129 


© A q E XII. Middle Latitade; PSY Wi Different: 
Longitude given, to 2 both uy Wn — 
9 — 


The K U L E. 


For the Departure multiply the Difference of Longitude 
by the given Number for the Middle Latitude, and from 
the Procjuct cut off as many Figures to the Right- hand as 

ou multiply by, and the reſt is the Departure; and thus 
hav ng the Courſe and Departure, you may find the Di- 
. and Difference of Latitude, and (by the Help of 
Middle Latitude) both Latitudes by Caſe III. of Plain 
Sailing Arithmetical. 


CASE XIII. One Latitude, Departure, and } Difference 
1 Longitude given, to — the other Latitude, Courſe and 


ance. 


The RULE. 


Find the Middle Latitude by Caſe VIII. hereof, and 
then having one Latitude, and Difference of Latitude, the 
other Latitude is eaſily found; and thus having both La- 
titudes and Departure, find Courſe and Diſtance by 02 
VI. of Plain Sailing Arithmetical. | 

And thus I wy gone thro' the Thirteen Caſes of Middle | 
Latitude Sailing Arithmetical, where in the firſt five Caſes, 
in which: there are Queſtions 2 and wrought, I have 
ſet down the very ſame ions here that are in Midale 
Latitude Sailing . that the Reader may ſee the 
exact Harmony between the Trigonometrical and Arithmetical 
Operations, and conſequently may be convinced of the Truth 
and Certainty of this Way of working, ſo far as Middle 
Latitude Sailing is to be depended upon; and although Mid- 
dle Latitude Sailing deviates ſomewhat from Mercator, eſpe- 
cially at a great Diſtance from the Equinoctial, or where 
the Queſtion is propoſed in great Numbers, yet it may be 
of great Uſe in keeping a Reckoning ; becauſe, in a 

| ſingle Day's Work (which ſeldom exceeds 30 or 40 
Leagues (the Difference is ſcarce diſcernable ; and al- 

K ways 
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ways obſerve, that if Haſte you cannot take - 

Time to reckon: the Middle Latitude exactly to 4 Mis 

nute, take rather a Latitude too 7 than too little 

for Middle Latitude, and that will leſſen the Error, as 

T hinted in Midale Latitude Sailing Trigonometrical, Caſe I. 
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4 Plain Sailing Inſtrumental. 
4 19 Se. ( 

Y Intent in this Section of l bunumel Navieat ation, 
is not to write a large Treatiſe of all the Inſtru- 
ments that are ufeful in Navigation, for that would 
take up too large a Part in this ſmall Treatiſe; but I 
ſhall here ſhew, how all the Propofitions- in Plain Sail- 
ing, Mercator, &c. (which are in other Parts of this 
{ Treatife ſolved Geometrically, Trigonometrically, Avithme- 
l tically, Ec.) may be ſolved Iy/irumentally, - viz. by — 
and Compaties ; ; and here I (hall confine my ſelf o 

| to the uſe of Gunter”s Scale, it being an Inſtrument * it 
common and expeditious for Inſtrumental] Opcration, 
that few that are inclined to improve themſel ves in 
Knowledge of Navigation, go to Sea without it. 
order. to the right 0 " ach it is ne- 
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ceſlary; firſt, ta give a Deſcription of that Part of the Scale 
which ſerves for 1 Fw Putpoſe, and then proces to 
the Uſe af it. N 

The firſt Line n next the Lopconumagly marked 8. K. is 
the Sine Rumbs, and is number 'd 1, 24; 3 4, 55 6, 75 
and ends at the Braſs Nail with g, which is Radius, becauſe 8 
Rumbs or Points of the Compaſs, is a Quarter of the . 
Circle, and therefore equal to 90 Degrees. 

The next Line marked 7. R. is the Tangent Rumbe, 
and this Line is numbered 1, 2, 3, and then at the Braſs 
Nail 4, the Tangent of 4 Points, or 45 Degrees, being 
equal to adius, and then proceeds back towards the Leſt- 
hand with 5, 6, 7, the Tangent ner go De- 
grees. being infinite. 

Theſe Sine Rumbs and Tangent Rumbs, art only uſeful 
in Navigation. The Sine Rumb, or Tangent Rumb, being 
only the Sine or Tangent of he Degrees and Minutes an- 
ſwering to thoſe Rumbs : Thus, becauſe x Point.. of the' 
Compaſs contains 11d. 15m. therefore the dine of 1 Point 
is equal to the Sine of 11d. 15m. Cc. Alſo three Points: 
are 33d. 45m, Cherefore-the Sine of 3 Points, in the Sine 

Rumbs, is exactly againſt the Sine of 33d. 45m. in the 
Sines, and the Tangent of 3 Points is s right againſt the 
Tangent of 33d: 45m.'&c, 

The next Line being the third in order, marked 
Numb.] is the Line of Numbers, which is numbered 
trom the Leſt · hand with 1, 2, 3, 4, 5» 6, 7, 8, 9; 1, 
2, 3, 4, 55 6, 7, 8, 94 10. The Diviſions at 1, 2, Cc. 
being the greateſt, and growing leſs towards 9, Cc. 


Theſe Diviſions being divided each into 10 Parts, and: 
every one of thefe again ſubdivided (where Room will 


permit) into 10 Parts, and are thus read: If you call 
I at the Left-hand 1, then the next 2 is 2, and ſo on 
3, 4, 5, Cc. to 9, and the 1 on the Middle is 10, and 


the next 2, 3, 4, Ce. is 20, 30, 40, Cc. and the 10 


at the Right- hand is 100, and thus when 1 in the Mid- 
dle is 10, and the 2 is 20, &c, then every one of the 10 


leſſer Diviſions between 1 and 2 is 1: Thus 1 being 10, 


the next ſmaller Diviſion is 11, and the next 12, where 
there is commonly a Braſs Nail, and ſo on, to 13, 14, 


&. 2. I 
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15, Oc. till you come at fer "20, and 3 for 30, and 
ſo in the reſt. i 

But if you make 1 at the Le hund 10, then r in the 
Middle is 100, and 10 at the Right-hand is 1000, and 
then every of the leſſer Diviſions,” which before was 
reekoned 1, is now reckoned 10, &c. Thus the 1 at 
the Middle being 100, the next ſmall Divifion (which 
before was called 11) is now 110, and the next where 
the Braſs Nail is, 120, Cc. and then every one of the 
ſmalleſt Subdiviſions is called 1. Thus ſuppoſe I would 
find 125, on the Scale I call 1, in the Middle, for at 
the Left-hand) 100 ; and counting 2 of the ſmall Divi- 
ſions further (which is juſt at the Braſs Nail) and then 
5 of the ſmalleſt Subdiviſions, thete1 hold my Compaſſes, 
it 2 the rr es;, a lies Franc wal make 
it eaſy. 
Thbe next Line is the gines ndrited at the Rivht-hand 
[Sines] and numbered from the Left Hand, 1, 2, 3, 4, 
5, 6, 7, 8, 9, 10, 20, 30, 40, 50, bo, 70, 80, 9o; 
the longer Subdiviſions between 10 and 20, and between 
20 and 30, c. being each 1 Degree; but the Degrees 
under 20 are ſubdivided into 6 Parts, each Part being 
10 Minutes? and where the De are divided into 4 
Parts, each Part is 15 Min. c. Thus ſuppoſe I ſeek the 
Sine of 23d. gom. firſt I find 205 and then count 3 of 
the bigger Subdivifion which are 23; and then 2 of the 
ſmalleit Subdiviſions for 30 Min. (becauſe the Degree is di- 
vided into 4 Parts) and that is the Point repreſenting the 
Sine of 23d. 3om. where there is commonly « Brafs Nail, 
as at 12 on the Line of Number s. 

The next Line is Verſed Sines marked [V. Sines] of 
which there is ſeldom Uſe made in Navigation, 

The next is Tangents, marked at the Right. hand 
[ Tang.] they proceed from the Leſt-hand to the Right, 
from 1 to 45, and then back to the Left-hand towards 
go, the Subdiviſions are underſtood in all Reſpects, as 
thoſe of the Line of Sines, and therefore need be no fur- 
ther explained. 
By this Scale, and a Pair of Compaſſes, may be per- 
formed all the Propoſitions in Trigonometry and Navi- 


gation, in all their Parts. As they are ſolved elſwhere 
| in 
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in this Treatiſe by Geometrical Conſtruction, and by Arith- 
metical Calculation, ſo here I ſhall ſhew how they may be 
ſolved by Inftrumental Operation ; and here, whatever the 

ion be, the Proportion for anſwering it is the ſame 
as in Trigonometry, by Logarithms, Sines and Tangents ; 
only whereas in Natural Numbers, the Operation is per- 
formed by Multiplication and Divifion, (when three Num- 
bers are given to find a fourth) and in Logarithms it is done 
by Addition and Subtraction; ſo here it is performed by 
taking in your Compaſſes the Diſtance upon the Scale, be- 
tween the firſt and ſecond given Terms, and the ſame Ex- 
tent will reach from the third given Term to the fourth 
Term required ; but becauſe, if the ſecond Term have the 
fame Proportion to the firſt that the fourth hath to the 
third, then the third will have the ſame Proportion to the 
firſt that the fourth hath to the ſecond, by Fuckd, Lib. 5. 
Prop. 16. and therefore, when the firſt and third Term 
are both of one Denomination, viz. both Sines, or both 
Tangents,” or both Numbers, as it happens in moſt Queſ- 
tions in Navigation, and were the ſecond and fourth are 
alſo of one Denomination, I would rather adviſe to extend 
from the firſt to the third, and by that Means you keep a- 
long one- Line, whether Sines, Tangents, or Numbers ; 
and then the Proportion and Anſwers will come out the 
ſame, as by Trigonometrical Calculation. 

And becauſe the Proportions in this Manner of work- 
ing arethe ſame as in the Logarithmical Operations, I ſhall 
not be at the Pains of running over all the particular Caſes 
of Plain Sailing, and Mercator, &c. as in the Geometrical 
and Trigonometrical Parts hereof ; but ſhall only inſtance in 
| ſome few Queſtions, and thereby ſhew the Learner how 
all the reſt may be deduced from the Proportions elſewhere 


laid down in the Trigonometrical Part. 
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- Bxomple in Plain Saiving... 


CASE I, 3 3 1 fd the 
| rence of Latitude and Benn, 4 Di 


A Sie calls N. W. by N. 123 Miles; 1 demand her 
nere of Laiitude and Departure. 


Firſt, Br the Difference of Late. 
You may obſerve in the Trieonometrical Part, hat the 


Proportion is, As Radi is to the Diſtance, ſo Sine Comple- 
ment of the Courſe to Difference of Latitude; thergfors 


here the Courſe being N. W. by N. that is, three Points 


from the Meridian, its Complement is five Points; thereſore 
extend on the dine Rumbs from Radius (the Braſs. Nail at 
the End) to five Points; the ſame Extent will reach on the 


Line of Numbers from 123 to 102, the Difference of 


Larne required. 
Then for the 8 


The Proportion in 771 onometry i3, As Radius to Diftance,. | 


ſo Sine of the Courſe to Departure; therefore extend from 


Radius to 3, on the Sine Rumbs, the ſame Extent will 


reach from the Diſtance 123 (on the Line of Numbers) to 
68, the Departure required. 


Nate, The ſame may be performed on the Line of 


Sines ; for if you extend from Radius to Sine of 33d. 45m, 


(the 8 reckon'd. in Degrees and Minutes, allowing 


11d. 15m. to a Point) the ſaine Extent will reach on the 
Line of Numbers from the Diſtance 123 to the Depar- 
ture 68, as before; and for Difference of E. d 
extend from Radius to Sine Complement of the Courſe, 
56d. 15m. the ſame Extent will reach from the Diſtance 
123 to the Difference of Latitude 102, and ſo in 
others, 

Thus in Plain Sailing, Caſe II. where Courſe and Dif- 


ference of Latitude is given, to find the Diſtance and 


1 | Depar- 
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Departure, you- ſee in the Trigonometrical Part, that the 
Proportion for finding the Diſtanee is, As Sine Comple- 
ment of the Courſe, to the Difference of Latitude, fo 
Radius to the Diſtance ; therefore extend from Sine 
Complement of the Courſe to Radius, the fame Extent 
will reach from the Difference of Latitude to the Di- 
ſtance. 5 

Example. A Ship ſails 8. w. by 8. an her Difference 
of Latitude be 174 Miles; I demand her Die and 


| Depatture. 


11 Por the Diftance. / 


— Remboor from 566; 15m. 

on the Sines) the Complement of the Courſe, to Radius: 
The ſame Extent will reach from the Difference of Lati- 
tude 174, to the Diſtance 209; then for the Departure 
the Proportion is, as Sine Complement of the Courſe 
to Difference of Latitude, ſo Sine of the Courſe to the 
Departure: Therefore extend from Sine Complement 
of the Courſe 5 on the Sine Rumbs, (or 56d. 15 m. on 
the Sines) to the Sine of the Courſe 3, on the Rumbs, 
or 33d. 45m, on the Sines) the ſame Extent will reach 
on the Line of Numbers from the Difference of Latitude 
174, to the Departure 116, 

In the like manner are all the Caſes in Plain Sailing 
and Mercator performed on the Scale, if you do but 
know the Proportions, (which you have at large in the 
' Trigonometrical Part) and therefore I need not enlarge 
any further upon it; only this is to be obſerv'd, that you 
_ mind always to extend your r Compaſſes the ſame 

y (whether backwards or forwards) at the laft Extent 
tte? you do at the firſt; that is, if your Extent from 
the firſt Number to the ſecond be from the Left-hand 
towards the Right, then your fixed Point being placed at 
the third Number, the moveable Point muſt be ex- 
tended towards the Right-hand alſo, and the contrary, 
unleſs in caſe you have to extend from a Tangent above 
45, becauſe they increaſe from the Right-hand towards 
the Left (as hath been ſaid before) of which you have 
| K 4 ſome 
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ſometimes Occaſion to make uſe, in Caſe VI. of Plain 
Sailing ; as for Example. Ply works: 004 24 
+ A Ship fails between the South and Weſt till ber Diffe- 
rence of Latitude be 80, and her Departure 95; I demand 
her Courſe and Diſtance. xls | 
The Proportion being, As Difference of Latitude to 
Radius, ſo Departure to Tangent of the Courſe; there- 
fore extend fiom Difference of Latitude 80, to the Depar- 
ture 95, (which is towards the Right hand, becauſe in- 
creaſing, viz. 95 is more than 80;) the ſame Extent 
will reach from Radius to the Tangent of the Courſe 50; 
and although Radius is at :he End of the Line, fo that you 
cannot extend any further towards the Right-hand, yet in 
our extending towards the Left-hand, you muſt count the 
— that the Compaſs Point falls upon, on thoſe De- 
grees which are encreaſing above 45 towards the Leſt-hand; 
thus in this Caſe, you find the moveable Point of the Com- 
paſs fall upon a Stroke marked 40050, viz. it is either the 
Tangent of 40 or of 50; but the Extent from 80 to 
95 being towards the Right- hand increaſing, and your 
fixed Point being placed in the ſecond Extent at Radius, 
viz. Tangent of 45, you muſt account the ſecond Extent 
alſo increaſing, and the Tangent that is above 45, viz. 50, 
is the Anſwer to your Queſtion; and this (with the Help 
of Plain Sailing Trigonometrical tor finding the Proportions 
till you have them by heart) may be ſufficient for Plain 
Sailing Inſtrumental. 


Sx c 1. II. 


Mercator's Sailing Inſlrumental. 


N Mercator's Sailing, as well as in Plain Sailing, the 
Proportions are the ſame as in the Trigonometrical 
Part, and may be learned in Mercator's Sailing Trigonome- 


metrical ; but becauſe my Deſign is to ſhew how all the 
| | .* Caſes 
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Caſes hereof may be ſolved by Scale and Compaſſes, with- 
out Tables, I ſhall firſt ſhew how the Meridional Diffe- 
rence of Latitude may be found by the Scale and Compaſſes, 
both Latitudes being firft given or found, : 

There is upon the Scale two other Lines, beſides what 
we have yet ſpoken of, which are next the lower Edge 
of the Scale; the firſt of them next the Tangent Line 
is the Meridian Line, marked [ Merid.] and the next and 
loweſt is a Line of equal Parts, marked [ Eg. P.] theſe 
are of Uſe for graduating a Mercator's Chart, (of which 
more elſewhere in this Book) and alfo for finding the 

Meridional Difference of Latitude. The equal Parts 
are Degrees of the EquinoQial, and every Diviſion or 
Degree contains 60 Miles, or Minutes ; and hence every 
10 Degrees marked 10, 20, 30, &c, contains 600 Miles; 
but the Degrees of Latitude growing larger towards the 
Poles, in a Mercator*'s Chart for holding the ſame Pro- 
portion to the Degrees of Longitude that they do upon 
the Globe, every Degree nearer the Pole, contains ſo many 
more Meridional Miles, according as the Degrees of 
Latitude upon the Meridional Line grow larger, as the 
Latitude increaſes; hence, to find the Meridional Diffe- 
rence of Latitude, when the two Latitudes are given or 
found, extend the Compaſſes between the two given 
Latitudes on the Meridional Line; which done, apply 
the ſame Extent to the equal Parts, and accounting eve 
10 Degrees 600 Miles, every Degree 60, and each 
3 30 Miles, Qc. you have the Meridional Difference 
of Latitude between the two Places, and ſo may find 
what is required, and anſwer your Queſtion Juſtrumentally, 


as well as Trigonometrically, - if you be careful in the 
Operation. 


Example in Mercator's Sailing, Caſe I. 


A Ship in Latitude 50d. om. North, fails N. W. by N. 
987 Miles; I demand the Latitude come to, and Diffe- 
rence of Longitude. | 


According to the former Directions, extend from Ra- 
dius to Sine Complement of the Courſe, (viz. 5 on the 


Sine 
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Sine Rumbs, or 50d. 15m. on the Sincs) the ſame Extent 
will reach from the Diſtance 987 to Diſſtrence of Latitude 
820 Miles or Minutes, or 13d. 4om which added to the 
Latitude ſailed from, finds the Latitude come to 63d. 40m. 
then to find: the Meridional Difference of Latitude, ex- 
tend the Compaſſes upon the Meridian Line from 50d, 
om. to 63d, 40m, that Extent applied to the equal Parts, 
accounting (as before directed) every 10 Degrees ſor 600, 
and each Degree for bo Miles or Minutes, will be found 
to be 1522, the Meridional Difference of Latitude, 
Then for Difference of Lungitude, progeed according to 
the Proportion in Mercator's Sailing Trigonometrical, Ca I. 
wiz. Extend from Radius to the Tangent of the Courſe, 
uiz. 3 on the Tangent Rumbs, or 33d. 45m. on the 
Tangents, the ſame Extent will reach from the Meridional 
Difference of Latitude 1522 to the Difference of Longitude 
1019, and ſo in others, , 151 

In Cafe II. where both Latitudes, and Courſe is given, 

the Diſtance is found as in Caſe II. of Plain Sailing Iftr umen- 
tal, and the Difference of Longitude as in Caſe I. hereof, 
which is ſo eaſy, that it needs no Example. 


CASE III, One Latitude, Comes, and Difference of 
Longitude given, to find the other Latitude and Diſtane, 


A Ship in Latitude 50 North, fails N. N. W. till her 
Difference of Longitude be 7 Degrees, or 420 Minutes, I 


demand as above. 


"Extend from the Tangent of the Courſe, two Points 
to Radius, the fame Extent will reach from 420 the 
Difference of Longitude, to 1014 the Meridional Diffe- 
rence of Latitude. i 8 | 

Take the Meridional Difference of Latitude 1014 from 
the Scale of equal Parts, then with that Extent, and one 
Foat in Lat. 50 on the Meridian Line, the other will 
reach to 59d. 30m. the Latitude come to. Then for 
the Diftance extend from Sine Complemeat of the Courſe 


(5 on the Sine Rumbs, or 67 30 on the Sines) to Radius, 
| the 
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the ſame Extent will reach from the proper Difference of 
Latitude 580 Weg. N _—_ 


—— — — 


— — : — EO „ 
r _ _ 0 


Par allel and 22 Latitude Sailing Inflruy- 
mental. 


HE Prophrtions for fotving all the ft of the Caſes, 

both in Mercator and Parallel Sailing, and alſo in 
Middle Latitude, may be fo eaſily deduced from the Pro- 
portions laid down in the Trigenometrical Part, that I need 
fay no more about them; only in the Inſtrumental Opera- 
tion, where a Tangent is required, the End of the Compaſs 
will ſometimes fall No the he End of the Line; as ſuppoſe the 
Proportion were, as Tangent 21d. 3om. to Tangent 35d. 
20m. fo Tangent 42d. 40m. to a T And 
here, if you extend from the firſt Term 21d. 3om. to Tan- 
gent 37d. 20m. the ſame Exteat will reach from 42d. 
40m. to beyond the End of the Scale; but to remed 
this, extend from Tangent 21d. zom. to Tangent 37d. 
20m. then with that Extent, and one Foot in Tangent 
45, extend the other back towards the Leſt- hand, and 
where ever it lights keep it fixed, and cloſe the other to the 
third Term, viz. Tangent 42d. 40m. then with this Ex- 
tent, and one Foot in Tangent 45, the other will fall pon 
Tangent 60d, 45m. the Tangent required. 

As for Traverſe Sailing, it being compounded 6 deere 
Queſtions in Plam Sailing, ] ſhall not need to ſpeak of it in 
this Place, ſuppoſing that by what is already laid down'in 
this Section of Inflrumental e the Learner will be 
able to make Application, as caſion requires, — 
any further Instructions. 
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The WHOLE ART Performed 


BY A 


NEW METHOD, 
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Ser. . s 
Rules and Grounds of the Method. 


N order to the right Underſtanding of this new Me- 

thod of Trigonometry, I ſhall proceed according to 
the uſual Manner, and ſhall, for the Help of Memory, 
lay down ſome fundamental - Rules. or Axioms, upon 
which: the whole Operation depends, and by which all 
the Caſes. in Plain Trigonometry, both Right and Ob- 
lique, may be ſolved, - without any Book, Table, or 
Inftrument whatſoever: But before I come to the Ax- 
joms, I ſhall premiſe, that whenever a Side and an 
Angle is given, to find another Side, (which is the firſt 
and moſt uſeful Caſe in Navigation) there muſt firſt be 
a Number found, which I call the Natural Radius, not 
only becauſe it is the Original, from whence the Solu- 


tions are deduced, but alſo becauſe being found, it pro- 
2 duces 
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duces the ſame Anſwer in Natura] Numbers, that * | 


dius, or Sine of 90, produces in a Sinical Proportion; and 
this Natural Radius | is thus found. 


METHOD the Firſt. 


Take the Angle whoſe oppoſite Side is Wh" given or 
ſought, and divide four times the Square of its Complement 
to 90 Degrees by 300 added to three times the ſaid Com- 
plement, and then the Quotient added to the ſaid Angle is 
the Natural Radius required; and this Rule is — 
true in all Angles from o to 90. | 


METHOD the. Second. el 


But becauſe in Angles under 45, the Complements are 
above 45, and their Squares amount to greater Numbers 
than the 22 of the Complements of the Angles above 
45 ; therefore to render the Work as eaſy, and the Contri- 
vance as uſeful as poſſible, I ſhall ſhew another Way to 
Pau the Natural Radius for * Angles under 45, and the 

ule is, - '<* 

Divide three Times the ire of the Angle (hols * 

poſite Side is given or ſought) by 1000, the Quotient added 

"57:3 that is 57 ++) the Sum | is the Natural Radius 
ul | 


e "This being promiſed, the Rules are theſe, $ 
R ULE the "Firſt In Right-angled range. 5 
An Angle and a Side given "to find another Side, - 


The Natural Radius bears always the ſame Propoztion to 
the Hy potenuſe that the Angle (by which the N Ra- 
dius was found) bears to its oppoſite Side. 

Therefore if the Angles and Hypotenuſe be given, it is, 
As Natural Radius to Hypotenuſe, fo the Angle to its op- 
polite Side. But if the Angles and a Leg be given, then it 
is, As the Angle to its n Side, ſo Natural Radius to 
the . \ 


RULS 


—_ 


142 Rules and Grounds of the Mes bod. Chap vl 


. U L E the Second... In Right-angled ane 
Tis Sides \efven, to 2 a * 


— = 7” 


That is, the e. of the „A equal to the Square 
of both Legs added ; of which ths more in 5 
91 n 


K UL E the Third. In Right-angld W 
. u. Hypotenuſe and a Leg given, to foid the other Le. 0 


Multiply the Sum of the Hypotenitſe; and given Leg by 
| their Difference: The e Root of the ent! is the 
a ether Les required, 's 


vo UE E the Rutz 1 Right-anged Trang 


_ Three Sides given, to find an Angle. 


| Add balf the longer Leg to the Hypptenoſs ! Then; 
As that Sum to 86, 6, 0 the ſhorter Leg to its oppoſite 


'R RU LE the Fifth. In Oblique Triangles. 


Three Sides given, t find where the Perpendicular muſt fall. 


Multiply the Sum of the two ſhorteſt Sides by their Dif- 
ference, and divide the Product by the third Side, which is 
the greateſt, and upon which the is to fal 
The'Quotient added to the greateſt Side, or ſubtracted from 
it, Mall be double the greater or lefler Segment, on each 
__y of the Perpendicular. 


Another WA 4. 


Add the Squares of the biggeſt and leaſt Sides toge - 
ther, and from their Sum ſubtract the Square Wale. 
middle- 


SeR. 1” PlaitnSiling Jy a ew Method. 7 148: 


middlemoſt ; Half the Remainder, divide by r . 
Side, the Quotient- the kffer Segment, which ſu 
from the whole Baſe, leaves the als er Segment, 


dee another dead in Axiom IV. Plain ee 


AK | ran 
1 1. _— TY] 
Fic e by a New Method, © 


7 


Shall now Regs to ſome 8 in Right - angled 
I Triangles, * to Plain Saiting ; and hete note, 
hat to avoid Fractions, I ſhall Sopot given an 
always in whole Degcees, that being fufficiently exact in 


Uſes in Navigation; yea, and a far more exact Way, — 


reckoning by Points, Half Points, or Quarter Points; one 
Degree being a much ſmaller Part of a great Circle than a 
Quarter Point of the Compaſs, And I mall make uſe of 


Degrees rather than Quarter Points, not only for its Exact- 
neſs, but alſo becauſe it isa Method much in "Uſe aboard of - 


the Men of War, to reckon the Courſe in Degrees, 1 
not in Points and Quarter Points. 


CASE I. Courſe and Diſtance given, is find the _ 
rence * Latitude and Departure. vo wget 


Nite, I ſhall in every Caſe hereof propoſe che le 


Queſtions that are inſerted in the ſecond Example of each ; 


Caſe of Plain Sailing Trigmometrical. | 
A Ship fails South 25. Degrees, Eafterly 9 les; L 


demand as above, 


4. do 
— 


2 — f 

© x P 
„1, b 

- 


Note, Where both Legs 


find the lefler firſt, — t 


1 RO Sailing by 4 New Method. Chap.VI. 
8 The Operation at large. | 


„ ” 
NIN 


uired, chuſe 8 2 


are requirl, Radius is more 


eaſily found, and then find the longer Leg by Rule the Third. 


For tbe Daertere. 
The Angle 25 
Multiplied by itſelf——25 
125 | op 
be: 50 


"_ of the Angle — 625 
luliplledby — 


The Produ&t 1875.— 
1875 divided by 1000 is 1.875 


Towbich add 57.3 


— ——— 


gum is Natural Rad. 59.175 


rn 


| 


The Rule I. 


As Natural Radius 59.2. 
to the Diſtance 96: 80 
the leſſer Angle 25, to its 

oppoſite Side * Depar- 
ture. 


96 ven, ea 5 


25 320 
480 = 320 
192 Neareſt which 401 


* 


— is the Departure 


Then for the Difference of 22 by Ruls III. 


Or rather briefer — 59.2 
Which is exact enough. 
Hypotenuſe or Diſtanceg6.0 
The Dep. in Decimals 40.5 
Their Sum — 136.5 
Their Difference——55.5 
| 6825 
6825 
6825 


The Product 7575.75 


The 
Difference of Latitude 87. 


| 


7575(87 The 
64 Diff. of 
— Latit. 
1671175 
1169 
(6) 


Das 6 Jo for tn Dickeh 26 5.) The 


CASE 


Sect. II. Plain Sailing by a New Method. 


145 


A II. Conſe Ra nns 


he reſt 


A Ship fa fails North 38 Degrees Weſt, * Difference 
of Latitude 120; her Diftance and Departure is re- 
qui red. | 
Here the Side 8 to the bigget Angle is given, 
therefore we muſt make Uſe of Method I. to find Natural 
Radius, becauſe Method. II. ſerves: only to, Degroov-un- 
der 45. 


128 


38 38 ar he Et nag the Fran 
- 


_ is ſo. great, I ſhall call 

. | 394 the Quotient 2 which 

i 8 | gle 52, the Sam 66 is 
- SO LG | the Natural Radius, | 


5776 Lr A1 Mr r 
e n „ KUE I. 


As 52, the greater Angle, to 120 a oppoſite Sie: 80 
is Natural Radius 66, to the Diſtance 2 


591 5 


Then for-the Departure, ly K If.. 
120]Diſtance I52 F300 
56 Diff. o Lat. 120 3870093 Departure 
720 [Sum — 272 81 
720._|Difference 32 183)60z © 
70920 r * 
$2)7920(152 * 970 (55) 
272 whe ©. | 
120 | | 
16 


The Diſtance 152. The Departure 93. 


L CASE 


246 Plain Saiing by # Now Method _ 


= Coir d D 
CASE —* Le. 1 — 


” A Skip fails North 19 Degrees Fafte ber Departure 
js 70 Mane! demand as bore fy 


Here the ſhorter Leg is given ; therefore I ſhall find the 
Natural Radius by Mybed II. 


Three times the She of dr Ne A Angle 19 
1 1 1083, this divided by 1000, which is done by © 19 


cutting off three Figures to the -: N — 
"the Quatient is 1.08 3; which betaufe the ſe- 171 
Fond Figure in the Fraction is above 5, J add ove 19 


do the firſt Figure, which i is a Cypher, and then 
call the Quotient 1. 1, which added to 57. 3, the © 361 
Sum 58.4, is the Natural Radius required. 3 


Then for the Die, by Rl. 1.083 
As the Angle 79, to its oppoſite Side 72: So Natural | 
1 tothe Diſtance | 
S eee The Di- 


4 
* 


quired. 


. 
— — 


5 | 
' Thar fond the bee . 65 Rule III. 


Diſtance — 22 | oy ET 
mans (6, 43657(209 


 Dillerenoe — —— 14003657 
2637] 409) 3264 
1172 (393) | 

293 The Root 208, but the 


© 43657 [FraQtion being ſo large, I 
128 rather call it 200, the Be- 


| rence of Lat. required. 
CASE. 


p 


247 
Ger Iv. Dy wt Dr lu 
cas „ge 224A tive, 


A Ship air between the North and Eaſt 12 Miles, her 
Diſerciice f Latitude 102 Miles; Tdemand a Dur 
and Departure. 


or the Departure, by . 
Diſtance — 117 N 


Diff. Franc — 1033 360055 | 
r | — 
Vifferen gerte — 14 105)589 - 
13 325 
880 
2 (55) 


Product — 3080 5 2 The Departure 55 4. 
"Then for the Core by Rel IV. 


Hypotenuſe or Diſtance 117 
Half the longeſt Leg — 51.5 
8 um 16803 


As 168 5, to 86: 50 ſhorteſt Leg or Departure, 55 4 | 
to its oppoſite Angle, the Courſe. ; * 3 


55. 5 168.5047 73.0022 The Courſe 28 4 De- 
We 1403.0 grees, which is almoſt *, 
— viz. 28 Degrees, 19 Mir = 
333-0 + 550 nutes. 
4440 


— — ——— 


47730 


L 2 


us Plain Sailing by a M. Metbid. Chip; V4. 
Der yy ww weld 7 A2AD 


CASE v. dee and Dear given, to find ihe 


t Be 'TÞ ' 7 


7 1 Ship ſails in we South Wes t rag. „ Miles, her 
Departure 95 Miles ; I demand her Courſe and-Difference 


of Latitude. 

For the „ Difference of Latin h1 Rule *. | 
Diftance=———124 | 85 01 n 
Departure —— 99 65351(79 
Sum | 29 49 my 
Difference ——29 149) 1455 

7 — 
438 110 
ProduQ— 6351 


The 1 Root of 6351 is 579 or 80 1 the 
Remainder 110 is more than the Root) the Difference of 


Latitude required. 
Then) for the Carl by Rule IV. 


Hypotenuſe or r Diſtance 124 124 
Longeſt Legs which here is Dep. 95 its half — 


Sum—17t.s 5 


As 171.5, to 86: 80 the ſhorter Leg (which here i is the 
- Diſſerence of Latitude) 80, to its r Angle, the 


3 of the Courſe. 
" 171 506880. 0040 Degrees 
80 o200 
6880 20.0 


The * ent of the Courſe is 40 Degrees, and con- 
ſequently the Courſe is 50 Degrees, from the South Weft- 
erly, and the Difference of Latitude is 80 Miles fere, 


CASE 


/ 


Sect. II. Plain Saildpg 2 4 New Methed. 149 


CASE VI. * if Latitude and Departure given, 
to find the Courfe and Diſtance. 


A Ship ſails in the North Weſt Quarter, till. her Diffe- 
rence of Latitude be 220 ab, and A 1083 
e er „ ; | 


earned At Wen a OT 


220 108 Square of Diff. Lat. 48400 
a Het — . 1 
— — © 12950 *j 1: 


n 191-8 YG « men T 5 
44 1080 Kum ofthe Spaten 


— — 
48400 11664 
e590 H r Rf been by 


© 


«1:1 Ei 81 3s & > £0133 v7 


| Tim for the Cu by Rule Iv. 
duell ti Br 


1 forges to 86: $0408 the An- 5 
gl of the bort aon 18 


th T's Cz 3 


108 3599806 Tbe Diſtance 
86 2188, -» Þ 245, and the 
— — * Courſe 26533 De- 


684 | . 8 8 \. Ty 6 1 26d m. 
„„ „ Oe on 

Lads Oe, what more than 
9288 2 1 


- * 
* 
- þ - * - - 8 4 
TT SG -& +4 * * 43 % &Þ 4 1 * — * "— - > as 
* 
# 
2 " % 
= 4 0 C1 203 0 
— » 4 
4 * 
3 
+. %S >. | I 
. iTp 


——ů— —— coun — 
— 2 


| 
1 
| 


O! dagny A 5 1 130 Kere \ A] Bog 
4 Fare 90 * — V Baan. THO LY A G Fi 
oe 6 © A AH. 
| Oblique: mae by a Neu, Metbd. 


He to ſolve all the Caſes in Oblique Plain Daa 5 


ke, New Methndz without any foes Book, EI 
C. of 
N the Solution of blind: Triangles, by this New: Me- 
| thod, it is neceſſary that they be firſt divided into two 

right angled Triangles, by a E oe! let fall, in 
which obferve:-- . 

Let it fall from the End of a given Sides and oppolite 
to the given Angle. | 

Bv this- —.— the n ener will ſometimes 
fall within, and ſometimes without; when it falls with- 
in, it falls upon ſorpe intermediate Part of che Baſe, or 
longeſt Side; but when it ſa lo without, it falls upon one 
of the cherteſt Sides continued; in either Caſe; there is 
two right-anpted Triangles produced, and then the {Angles 
or Sides fought are found as if ul were Parts of a _ 


Ae Trapge. 
CAS E 1. 


— 4 1 
* 
F 3 _ ww 


© The Angle at A 30 0 | 
EY 125 Angle at B 45.0 ( Required the Side & G. 
Side BC 290 
Here the Perpendicular falls from the End of the 85 
ven Side BC, and oppoſite to the ou 
Fig. 48. Angle at B; then in the Trangle 
is given the Angle at B, and the Side B E 
to find the Side CD, which being found, there is given in 
te Triangle ADC, the Angle at A, and the Side DC, 
to find AC, the Side required. 
I ſhall not trouble the Book with the Operation for 
finding Natural Radius, it having been often enough ” 
pea 


4 
n 


by 
* ” 
= b4 
= 


. Se&. III.  Obliquit Sailing by o New Method.” 1511 
peated in the former Part; but being found by Method J. 


the Natural Radius for the Angle 45 is 63.62 ; therefore, 
As 63.62, to Side CB, 290 3 ;z fo 45, an Angle at 3 


Side oppolite C D. 
45 63. 62}1 3ng0-0o(205 The Side CD 205. 
290 . . 326,00 
goa "x 
13050 | 


Kew te he TH a abs [the Angle at 4 
30d. om, and the Side DC 205, to find AC, 

The Natural Radius found by Method l. for the Angle 
30 is 60, Therefore, 

e 205: 80 


60 to the Hypotenuſe AC required. 
ns 30) ra 3000410. The Side AC required. 
3 : 


— 5 Meſs] 


12300 * 
n 
The Side AB 560 | 
| Given 1 The Side AC 410 f Required the Angle at C. 
© The Angie B 45.0 ry 
Here the Perpendicular falls without, upon the Side 
BC continued, and in the Triangle BD there 


is given. the Angle at B 45, and the Hypote- Fig. 49. 
nuſe A B 560, to find A D, which being found 

you have given in the Tri C AD, the Hypotenuſe 
C4, and the Leg AD, to the Leg CD, and the 
Angle DAC; and by SubtraQion, the * DCA, and 
the Angle BGA, is their proper Caſe of right-angled 


Triangles. 


* 9 Wy 
9 K a 
7 > l 
* * 0 
- 


152 apes ty New Method. Clin =; 


7 * 
23 1 : - £ ” 2. a> 


The Natural Radius for * given Angle | 
63.62, as found by Method I: Therefore, as TY to 


the Hypotenuſe 560 ; So the 7 nate: 45» ww Wie oppo» 
lite AD. 


560 63, 62)25 300, 00(396 the Side 40. 


45 6114.0 
2800 388.20 
2240 . CO 
RET 25 200 IT. ' 


{Then you have AD 206, and AC 410, to 104 CD 
by Rule II. thus: 


"04 Ke e IG %, 90 
Side AD —— 396 bes oelaen 


Sum — 80 


e 
Difference —— 14 20)012 
224 OO 


ob 206) 284 
Produ ct — 11284 | 1236 
| mw _ (48) 
Then for the Angle CAD; by Rule IV. 


Hypotenuſe AC—410 As 608 to $6, ſo 406 to the 
Half the Leg AD 198 Avrgle.CAD. 


Sum ————608 1% 6080977604381 
1 „ 3036 
2 · N — — 

84 

9116 


The Angle C4D is 14524, or rather 1 5 teal; ; 
which ſubtracted from go, leaves ACD, 5 Degrees; 
and that ſubtracted from 180, leaves 105 . 
Angle ACB required. 

CASE 


* 
— , 
* — 
4 7 
d 
a 4 
- * 
T 
/® 


Seck. III. Oblique Sailing yu New Murhide” 153 
CASE. Given as 2 CoM. Am. 


In the whole Triangle B D 4, you have given the 
Angle ABD 45, and the Hypotenuſe B A 560; alſo 
by Conſequence, the Angle B FD," which is alſo 45, to 
find the whole Side B D ; but in this Caſe the acute An- 

les ual,” viz. 45 ' Degrees, the Leg B D is equal 
— 12 396; then having found C 
ſecond Operation in Caſe II. ſubtract it from the whole 


Side B D 396, e ben 30 re- 


quired. 
CASE IV. 


The Side AC 410 
Give) TS AB 560 Required the Angle at B. 
The Angle at A 30.03 


* ——ꝓ—ᷣ— — —— 


In the Triangle 4 E C, is given the 8 at 4 30, 
and the Hypotenuſe 4 C 410, to find C E, 
which by the firſt Caſe hereof is to be found to be Fe. 50. 
205, and therefore I need not repeat the 
ration. Then in the ſame Triangle 4 CE, there i is given 


the Sides * and C E 205, 0 find the Side E 


by Rule III. 
AC 4101 160 
CE 20 | 1 75355, the Lig FT 


Sum —ͤ — 615 Se 


Difference ——— 205 | 
3075 e 


12300 3525 
produq — 1250 A 20 


The Leg AE 355 ſubtracted from the whole 


Side 
A B 560, reſt zi >: ei Triang "$43 5 


you have given B E 205, and E C 205, to find 


4 


106, by the 


- — — . — m—_ Oe ooo x 


_ Wome 


he. 51. Sum of the other two Sides, 700: So 


* 


Rule II. and the Angle B by Rule IV. but in this Caſe, 
and Lee the Aue t B is proved 45 


Saen Breads ab 


/ 


cdi i flea BE . 


— is the Gith: Caſs in-the. cat 
Operation, y et the Side N is — ſound in 


a IV. at B can be ſound; and 


therefore, althaugh the Operation in Caſe IV. be mes 
what tedious, yet both the Fourth and Fifth Caſes are 


* 
GASE VI 


} 


eee 


4 45 — 
* Sy 40 = 2 
| T BG — 290 


| We 
1541 Oblique Sailing bys New Mevhed. cha v. 


"Find 4 B. by the Rule kid dawn'in- ie IV. ef 


. Plpin Triangles. | As the Baſe: AB $60, to the 


- Fence of the ſaid Sides nyo, to the Difference 


the Diffe- 


2 150735, by the Opern 


tion below. 
120 e To the half Dif. 75 add 
20 _Wo  thehalf Baſe 280, the Sum 
84000 d an is the greater Baſe 44 
ubtracted, > the Diffe- 
rence is the leſſer Baſe EB 205. 


Then the Trias AEC, there is given AC 410, 
and 4 EE 355, to find C E by Rule III. and the Angle 
at it 4 33 . | 


AL 


The 


O oc Fo SE EO Og. 


* 
i —— 
2 
6 . 
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they _ $2075(205 
495102075, 
4# . 8 
gee] Br "Al Ne ah Rot of 
| _ P25. | 8 
Prod 9 2 4207 1 zer wel 


Then, by Rule IV. 2 — 


Hvpotenuſe — 410 


Half the longeſt Leg . 17. _ 
Fheir Sum —— $87.5 


As 587.5, to86: of 20, to he Angle oppo 
at 4 39. RET 


2 esse bog 


6: Ys. 
2014% . 1640 8 | W 
"17699 E- 


Geda this * be altogether fo expplitious 
for Oblique Triangles, as bre by 

becauſe you are obliged to divide every oblique Triangle 
into two Right-angled ones, which es requires 
two Oberlin et ert to inſert it to make the 
Method compleat, it at Uſe when Tables arc 
wanting, and 0 ſufficient for moſt Uſes in Na- 
Vigation. but the Right-angled Caſes, as performed heze- 
ET Sand to the. Nendes eager, as a Thing very 


1 W and a3 expeditious 2 Mathed 
commonly i Wu N 


S EZer 


| LOTS EE ani 186 4 5 180 
8 E © n IV. 


E 9 1— 8 9 Ad 


Hmo to ” GP 226 Differenct of Lingi, 92 and 
keep a Reckoning both in Latitude ana Lon- 
gituue, & by \this' Nera of Trigonometry, 


© (as applied to Navigation) without the Help 
of any Tables or Inſtruments whatſoever, ac- 
cording to Middle Latitude, which is of fuf- 
ficient Exatineſs for-the-Working ſo ſhort a 
Diſtance as @ Das Run, and conſequently of 
— Uſe in . on. : 


ego Aan. , * 2208 


O U may remember, that in Middl: Latitude gal- 
ing Triganometrical, there is a Proportion for find- 
ing the Bene of "Longitude ; Which is, as Sine 
Complement of Middle Latitude, is to the Departure; 
So is Radius, to the. Difference of Longitude, And 
therefore, in Middle Latitude Sailing . one 
Way which I have propoſed for projecting Midale 2 
titude Sailing, is, by conſtituting a. tight: angled 
Triangle, whoſe at the Baſe is equal to the 
plement of Middle Latitude, and the Porbeiiicutar is 
equal to the Departure: And then by that known Pro- 
. of "oppoſite Sides, oppoſite Angles, it will 
follow, that the Hypotenuſe 'muſt needs re- 
— Difference of Longitude ; which being granted, 
thete is no more to do for finding the Difference 6f Longitude 
but only the Solution of the faid right-angled Triangle; of 
theſeveral Varieties of which you have had ſufficient Inſtarices 
in the ſix Caſes of Plain Sailing before going, where any two 
Parts being given, the other two are eaſily found. Neverthe- 
leſs, that nothing may be wanting for the Reader's Inſtruc- 
tion, I ſhall inſtance in one Qneſtion for Example's ſake, 
nen by ſhall firſt work by this new Method, and then 


by 


— 


8 5 . W RD 


by the Method 
nometrical ; and 
to let the Reader ſee the. Sufficiency and 

new and ue fe >_> 


ropoſed in Middle Latitude Sailing Trige- 
lüh, ſhall work the ſame by Mercator, 


f u 

| { 7 N. 85 1 e wn 1 821 A. nub 
Queſtim. A Ship in Latitude 58d. om. North, fails 
South 25 Degrees, Eafterly 96 Miles: I demand the La- 
titude come to, and alſo her Departure and Difference of 


— 223 C 44 »A. a Ps ; = A 95 1 = . * 
Longitude. 8 „ 8 3 * A IS x It : þ $*.4 75 p 
* SQ * ” ” 


45:5 


a — 


4 1 * ——— enn 
Ide Courſe and Diſtance is the ſume as in the Queſtion 
in Caſe I. of Plain Sailing, as performed by this New Me- 
thod, and therefore I ſhall refer you to the Operation there 
for finding the Difference of Latitude and Departure. 


The Difference of Latitude being there found, to be B7, 


and the Departure 40 or 40.5, and therefore (the Courſe 
being Southerly) the Latitude come to is 56d, 33m. and 
conſequently the Middle Latitude, found by the Direction 
and Caution laid down in 'Caſe 1. of Middle Latitude Sail- 
ing Trigonometrical is 57d. 17m. and the Complement of 
Middle Latitude b Lis 43m. 2 * [60756] 

by the foregoiog Directions, is conſtituted the Zig; 52. 
Triangle AB 05 wherein the Angle at I is equal — = 


to the Complement of Middle. Latitude: 32d. 43m; and 


the Side oppoſite, B C, is equal to, che Departure 40. 5. 
both which are given to find the Hypotenuſe 4 G,; equal 
to the Difference of Longitude; requited ; and bete the 
Side oppoſite to leſſer Angle being given, I ſhall find: Na- 
tural Radius by Method II. And here obſerve, that alt 
in Queſtions of Plain Sailing, you need not regard Minutes 
in the Angle of the Courſe, becauſe whole Degrees are 
exact enough to keep Account of à Ship's Way; yet in 
this Caſe you muſt not omit the dd Minutes in the An- 
* and therefore reduce the odd Minutes to tenths of a 
Degree accounting 6 Minutes for one Tenth of a De- 


gree, and 12 for two Tenths, Oc. And then 42 Mi- 


nutes is 7 Tenths; and this Angle being 32d. 43m. I 


ſhall call it 32.7, viz. 32 and 7 Tenths, it being but one 


Minute more, which cannot cauſe any great Error in 
the Operation, 


I For 


ct. IV. Diff. of Eongituadt'by # Naw Nel 15) 


ugh 7 of been. New As bod. A . 


5 he Natural l by Method Il. 
my Angle, 


32. 1 Then, uſe the 
mann 25 7 ea is Yak the ns | 
9 4.0 Angle $2.7 in h 
MAAS eee 1 
| tural , to the 
5 of the Fg L. Ty arndt 0 N 


ult. by —— 
The Produdt — 3207. | 60 5 sfr | 


duct is 3.207, but it is 39-25 
exact enough to call it So 
8 which added to N 25 | 


57.3. the Sum is 60 5, 


the Natural Radius ol The Product of the Mutt | 


quired. + tplitation is but 24 50, the o- 
| ther two Figures being but a 
Decimal FraQtion, are to be cut off; but becauſe the Di- 


viſor 32.) is a Decimal, I add one Figure to the Divi» | 


dend, as you ſee in the Operation above. 
T 


exaRly regarding the Fraction, may be ſet down 75: 


And this Operation may be performed with great Eaſe | 


and "Readineſs, with” a li:tle Practice, although | have 


here ſet it down in Words at large, to make it more in- 


telligible. 


The Jame Wie reer by Middle Lari ni i 


Sailing Trigonom. trical. 


ently the Latitude come to, with Middle La- 

titude and Complement of Middle Latitude as in Caſe L of 

Middle Latitude Sailing Trigonometrical, which will be 0 
to be as * expreſſed. 


Pix Difference of Latitude and Departure, ſe 


x Then 


be Difference of Longitude is 74524, which without 


»\ 


SF 


©0200 00S 0 „%.“ 0 


l 
'X 


111 


”% 
1 


= 
„ 


% F 


: 


* r % % 
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Scct. IV. Diff. of Longitude by a New Method. 159 
Then for the Difference of Longitude. 


Ty af £5 
As Sine Comp. Mid. Lat. — 32 43 — 9.73278 
Is to the Departure 40.5 — 1.60745 
So is the Radius 9o OO — 10.00000 


To the Diff. of Longitude 74.91.8747 


The foregoing Queſtion anſwered by Mercator's 
| Sailing. 5 | 
TIN D Difference of Latitude, and conſequently the 
Latitude come to, as in Mercator*s Sailing Trigone« 
metrical, and you will find the Latitude come to is 56d 33m 


and the Departure 40 or 40.5. ö 


Latitude ſailed from — 58d oo ) n pe 399% 
- Latitude'comerto——56 33 [ Merid. Parts} 
Meridional Difference of Latitule—— | 16x 


2 by Then, Co. Ar. 
As proper Difference of Latitude 87 — 8.06048 
To Merid. Diff. of Latitude — 161 — 2.206 
- So is the Depaiture 40.5 — 1.80745 
To the Difference of Longitude 74.9 ——— 187475 


And thus you ſee the exact Agreement of this With 
the true Operation, as per formed by Mercator*s Sailing ; 
it not differing from it ſo much as one Quarter of a 
Minute in Longitude, in fo great a Diſtance as 123 
Miles; and in a Latitude fo near the Pole as 58 Degrees, 
where there is much more Danger of contracting an 
Error than in lefler Latitudes, or Voyages nearer the 
Equinoctial. "A, | 
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Practical Navigation; 


O R, 


The Application of | the foregoing Rules to the 


actual keeping of a Reckoning, according to 


be ſeveral Kinds Y N es ou. 


all that take upon them the Charge of conduct- 

ing 2a Ship from one Part of the World to another, 

which may properly be called the Practical Part of Navi- 
tion; 

The firſt is a right Underſtandinglof the Compaſs, with 
the Variation thereof, in- order to the true Knowledge of 
the Courſe made good, 

. The ſecond is the Log- line and Half-minute Glaſs, that 
the Knots on the Log-line be a due Length, and that the 
Glaſs, be a juſt Half-minute, that thereby you une 
as poſhble find the true Diſtance. 

I be third is the right Manner of taking and i an 
Obſervation by the Sun by Day, or by the Stars by Night, 
thereby to find the true 1 and to correct the Dead 
Reckoning, if there have been any Error contracted either 
in the Courſe or Diſtance. 

And, fourthly, having by theſe Means and Helps 
finiſhed your Reckoning, and being come near the de- 
fired Port, it is alſo neceſſary, that there be a right 
Underſtanding of the Tides, which Way the Ebbs and 
Floods ſet, and what Moon makes full Sea upon any 
Coaſt, that ſo it may be known how long to ride at 

Anchor, 
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Sea. I. Of the Variation of the Compaſs. 161 
Anchor, or lie by to wait the Tide, if you know you 
are too ſoon; or what Sail to make to ſave your Tide, 
if you fear being too late: And theſe four Things ſhall 
handle in this Part, and that in ſuch a Manner, -as my be 
intelligible to the meaneſt Capacity, and moſt ufa as well . 
as moſt eaſy to be put in Practice at Sea. G4 


* * * a * 


S Er. I. 
Of the Variation of the Compaſs. 


H E Way commonly taught for finding the Varia- 
tion of the Compaſs, is by the Sun's ' Azimuth, or 
Amplitude; but theſe Ways not being attainable by any 
but them that have learnt ſomething of Aſtronomy ; and 
being - alſo treated of in other Books, I ſhall not trouble 
the Learner with them, but proceed to a far eaſier Way, 
which is this: 1 FF | 

When you are at Sea, and deſire to know the Varia- 
tion of the Compaſs, take your Quadrant about 8, 9g, 
or Io a Clock, when you ſuppoſe the Sun is near about 
half up from the Horizon to the Meridian, and take an 
Obſervation of the Sun's Altitude, as you would do at 
Noon to find the Latitude of the Place z which being 
done, lay by your Quadrant (letting the Vanes remain 
unremoved) and by your Azimuth Compaſs (if you 
have one on Board) ſet the Sun, and mind what Point 
of the Compaſs the Sun is upon at that Obſervation. 
This done wait-till the Afternoon, that the Sun grows 
almoſt as low as he was when you obſerved in the Nes 


noon, and then with your Vanes fix'd as in the firſt 
Obſervation, obſerve till the Sun be ſo low as that the 
Vanes fo fixed will juſt take the Sun's Altitude without 
altering them; which done, obſerve immediately (as 


before) upon what Point of the Compaſs the Sun is at 
£7 5 3 


7 I a 1 >. A * 
_ , * I , n OT WI P = 
2 * 


** Saas. Soc : TIF Ty * 4 ** 4 wn 9 
* „ TY 
1 > 4 5 N 


162 Of the Variation of the Compaſs. Chap. Vill 


that Obſervation: Then the Space between that Point 
which the Sun was upon at the firſt Obſervation, and 
that Point upon which the Sun was at the laſt Obſer vation, 
divided into two equal Parts, the. Middle is the true 
South Point of the Compaſs, and the Diftance between 
that and the South Point of the Card, is the Variation 
required, ä . 


* 


Suppoſe at the Forenoon Obſervation I find the Sun 
by the Compaſs to be South-Eaſt (it_matters not what 
his Altitude be, ſo you mind what it be, or elſe let the 
Vanes ſtand unremoved till the Afternoon) and ſup- 
poſe in the Afternoon I find, when the Sun hath the 
ſame Altitude, that he bears Weſt South Weſt; now 
the Diſtance between. South Eaſt and Weſt South Weſt 
is, ten Points, the. Half of that is five Points, Which 
reckoned from South Eaſt towards the Weſt South 
Weſt, it falls upon the South and by Weſt; theref6re 
T; conclude that the South and by Weft Point” of the 
Compaſs points to the true South Point, and the Di- 
ſtance between the South and by Weſt Point (Which is 
the true South), agd the South Point of the Compaſs 
(which we may call falſe South, © or magnetical South) 


is the Variation of the Compaſs ; and becauſe the mag- 
zetical South is Eaſtwards 2 — the true South, there 

fore the magnetical North is Weſtward from the true b 
North. Hence I conclude, that the Variation is one | 
Point Weſterly, Sc. een 7 er e 00774 
In this Caſe there is only this Caution to be obſerved, 
viz, that this Obſervation be not made when the Ship 
is running very faſt Northwards or Southygrds, which 
may make ſome ſmall Error, though ſcarce diſcernable; 
for if the Ship ſtood till, the Sun would have exactly 
the. ſame Altitude at 8, 9, 10, in the Forenoon, that 
it would have at 2, 3, 4, in the Afternoon; but if the 
Ship ſails very faſt to the Southward in North Latitude, 
or to the Northward in South Latitude, ſhe raiſeth the 
Sun a little, and by Conſequence the Sun will be ſome- 
what higher at 4 in the Afternoon than at $ in the Morn- 


ing, 


ect. H. Of 1be Log-line, and Half. Minute Glaſs. 163 
ing, and may cauſe ſome Error but it is little, and a 
Thing that ſeldom happens: And if it do happen that 
your Courſe be North or South, and the Wind ſo fair, 
you may refer your Obſervation till another Day, (it being 
not neceſſary to ſet the Variation every Day) and thereby 
the Error may be avoided, and yet the Variation exactly 
found as often as is neceſſary. r 

Note, I ſhall ſhew how to find the Variation by the 
Sun's Azimuth and Amplitude hereafter in the Aſtronomical 
P art. N 1 3 4 


* 
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3 Se e 1308 
How to. divide the Log-line, and try a Half- 
| Minute Glaſs. * 


TH E Y that take upon them to be Maſter, Mate, or 
Pilot of a Ship, and would be very exact and ac- 
curate in the keeping a Reckoning or Account of the Ship's 
Way, ought to take care before they go from the Shore, 
to be furniſhed with all Things necellary for that Purpoſe. 
For the beſt of Scholars, the greateſt Artiſts, the moſt 
profound ' Mathematicians, or the moſt experienced Na- 
vigators, * deceived, and carried into the groſs Er- 
rors, by a Defe& in their Inſtruments, or Means for 
keeping a Reckoning, as well as the moſt ignorant may 
be by a DefeR in their Knowledge; and io far as they 
deſign that their Account ſhall depend upon their dead 
Reckoning, they ought chiefly to be careful in theſe two 


Lid 1 — 


Tnin 7 

F uf. T Half minute Glaſs, that it be of a due 
Length ; for if it be longer than it ſhould be, it makes 
the Ship by Eſtimation to run ſo much more than in- 
deed the does, and by that Means perhaps, in a Month 
or 6 Weeks Sailing, you will expect to arrive at your 
Port, or make ſuch or fuch Land, when indeed you are 
50, 60, or 80 Leagues, or more or leſs ſhort of it, ac- 
cording as the Error of your Glaſs is more or leſs. And 
although it is hard to know a true Half-minute Glaſs, 
| M 2 yet 
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yet there are theſe two Ways to prove them, and know 
whether they are right or wrong. e we 


be firſt Way is by an Expedient mentioned by 
Mr. Henry Phillips, in his Advancement of the Art of Na- 
vigation, and alſo quoted by Seller, in his Practical 
2 and tis this: Take a Bullet of any com- 
petent Weight, it matters not, and make faſt to it a 
Piece of fine Thread, or Silk, of the juſt Length of 38 
Inches; let there be a Nocſe on the End of the Thread, 
and let the very End of the Nooſe be juſt 384 Inches 
from the Center of the Bullet, (as I faid before) then 
bang it up by the Nooſe upon a ſmall Pin, where it 
may hang at Liberty, and ſwing freely, and ſo give it 
Way, and each Swing ſhall be a true Second of Time ; 
that is, each Time that it paſſes by the Perpendicular let 
fall from the Pin on which it hangs, ſhall be a Second; 
and every Time of its Return to the Place where it firſt 
begun its Motion, is two Seconds of Time, and a Glaſs that 
runs till the ſaid Bullet hath made 30 Swings ſhall be a true 
Half-Minute-Glafs. "FR ; 
A Second Way (if it may. properly be fo called) is 
by the Experience of thoſe that have had Occaſion to 
uſe a Glaſs in long Voyages; and having a Line right- 
ly. divided, by a Glaſs of ſo true a Length, that their 
Dead Reckoning, when carefully kept, hath agreed with 
the Truth of their Obſervations; and that their making 
of Land, &c. hath fallen out according to Expectation, 
by the Dead Reckoning; I ſay ſuch a Glaſs, or another 
of the ſame Length, ought to be preferred before any 
other, as a true Half-Minute Glaſs, 
A ſecond Thing neceſſary, in order to the Keep- 
ing of a true Reckoning, is to take care that the Log-. 
line be rightly divided; for although the Glaſs be true, 
yet if the Log: line be divided into Knots too long or 
too ſhort, it muſt needs make an Error in the Reckoning, 
according to the Proportion of the Error in Diviſions 
of the Line, if you work by a true Half-Minute Glaſs. 
Indeed, if the Diviſions of the Log-line be too ſhort, 
and the Glaſs alſo too ſhort, (or if both be too long. 
which is the fame) then the one Error helps to compen- 


ſate the other; but if the Faults in the Line and 8 * 
f a 
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Set. II. Half-Minuie Glaſs, ' 165 
Glaſs be contrary, that is, the one too long, and the other 

too ſhort, the Fault is intolerable. 1 
As for the Length of each Knet on the Log · line, or 
how it ſhould be divided, there are different Opinions 
amongſt different Authors and Navigators. Indeed it 
is an undeniable Truth, and apparent to all Men's Rea- 
ſon, that one Knot upon the Log-line ſhould be the 
120th Part of a Mile; becauſe Half a Minute is the 
120th Part of an Hour; (for as the Whole to the Whole, 
ſo a Part to the Part, c.) but the Difficalty ariſes from 
the different Opinions, as to how many Feet, Yards, c. 
there is one Degree of -a great Circle upon the Earth. 
Mr. Oughtred, in his Circles of Proportion, will have 
66 Miles to anſwer one Degree upon the Earth, each 
Mile containing 5280 Feet. Hence there is by his Ac- 
count, 349800 Feet in one Degree of a great Circle upon 
the Earth, and 5830 Feet in one Minute, or 6oth Part 
of ſuch a Degree, and conſequently the 120th Part of a 
Minute, or Length of one Knot upon the Log-line, muſt 
be 48 1 Feet. FE „ axty * 
But Mr. Norwood, in his Seaman's Practice, p. 43, (re- 
hting an Experiment of his for finding the Quantity of 
one ce ofa great Circle upon the Earth) faith, that 
one Degree contains 367200 of our Engliſh Feet to a 
Degree, which Account, without any Allowance, would 
ive 51 Feet to one Knot of the Log-line, although, for 
Reaſons there mentioned, he allows 1 Foot out of the 
51, and fo would have one Knot of the Log-line to be 
jult 50 Foot: But how far that Experiment of his is to 
be depended upon, (conſidering the Unevenneſs of the 
Ground, and Crookednſes of the Ways, and other In- 
| conveniences, which he could only give Allowance for 
according to his Judgment) and alſo how far that one 
Foot in 51 may compenſate the Way that the Log makes 
after the Ship, I ſhall not take upon me to determine, 
In the mean time I ſhall, with Submiſſion to better 
udgments, rather adhere to the Way of dividing the 
-line that is commonly received and uſed by moſt 
Mariners, I mean that of 42 Feet, or 7 Fathom to one 
Knot, Now it will preſently be objected, that accord- 
ing to that Diviſion for half a Minute, multiplying that 
M 3 by 
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166 Of the Log-line, &c. Chap. VII. 
by 120, for 1 Mile, and that Product by 60, for 1 De- 
gree, there is by conſequenee but 302400 Feet in a De- 
gree, which ſeems to contradict, and intolerably to vary 
from the Opinions of the 1 Mr. Norwood, and other 
experienced Men in that Kin. 80 
l anſwer it doth not contradi& them, at leaſt ſo muc 
as at firſt Appearance it ſeems to do; for one grand Rea- 
ſon why I agree to theſe ſhorter Diviſions is, to give Allow- 
ance for the Way that the Log makes after the Ship z for 
= although there is ſo much ftray Line allow'd, as may be 
ſuppoſed to veer the Log moderately well out of the Eddy 
1 of the Ship's Wake, yet it cannot be ſuppoſed, but that 
\ ſtill the Log muſt have ſome Way after the Ship; if but 
| by the Weight of the Line, which although but light, yet 
the Water being but a ſoft fluid Subſtance, the Log muſt 
- needs have a Motion after the Ship, and eſpecially failing 
large, and in a freſh Gale, it cannot be but that the 
Wind will have ſo much Effect upon the Log, and fo 
much of the ſuperficial Part of the Water, as to ſhove it 
along after the Ship, ,and that, in my Opinion, much 
more than one Foot in 51. 

Indeed another Conſideration, which may be ac- 
counted a ſecond Reaſon why I do adhere to that Way 
of dividing the Line, is, becauſe if there is an Error, 
it is on the ſafer Side; for although the Truth is beſt, if it 
could be attain'd, yet if an Error muſt be, *tis better that 
the Reckoning be a-head of the Ship, than that the Ship 
ſhould be a-head of the Reckoning; and better to look out 
for Land before we come at it, than to be a-ſhore before 
we expect it. | 

But my third Reaſon is, the Confirmation of this 
my Opinion, by the daily Practice and Experience of 
many, if not moſt Mariners, who uſe this Way, and 
find the Succeſs to anſwer their Expectations, at leaſt 
much nearer than a much larger Diviſion would do. 

| *Tis true, if the Generality of Glaſſes be ſo much too 
ſhort, as to countervail thoſe too ſhort Diviſions (if 
they are too ſhort) it were to be wiſh'd, that the Er- 


rors in one were rectified, and then the Faults in the | 
other might be amended ; but till then I ſhall recom- 
mend that Way of following 42 Feet, or 7 Fathom, to , 
LE” | | ore 
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Seck III. How io make @ Plain Char. 167 
one Knot of the Log- line. Indeed if it be, as it is re- 
ported 3 that to make Amends for the Short - 
neſs of the Knots, the Glaſſes are commonly made hut 
27 Seconds; and if fo, then if the Glaſſes were regu» 
lated and increaſed from 27 Seconds to 30, the Knots, 
by the fame Proportion, ſhould be alſo increaſed from 
42 Feet to 463 Feet to one Knot, which ſeems more 
agreeable to Reaſon, and to Mr. Norwood's Obſerva- 
tion. 0 oath. range F 
Nite, When you divide the Log line you muſt allow 
12, 15, or 18 Fathom of Stray-line, according to the 
Bigneſs of your Ship, accounted from the Log, before you 
begin to ſet out the Knots, and then put in a red or white 
Rag, and from thence begin to divide the Line into Knots. 
The Reaſon of the Stray-line is to veer the Log pretty 
well out of the Ship's Wake, leaſt the Eddy ſhould ſuck 
the Log after the Ship, and deceive you in your Reckon- 
ing. ö | 


Sz r. III. 
How to make a Plain Chart. 


HE Log: line being thus divided, and the Half. Mi- 

nute (laſs examined and regulated, the next I hing 
is to make a Chart for the Voyage intended ; and of Charts 
there are ſeveral Sorts. 

The firſt is commonly called a Plain Chart, in which 
the Degrees of Longitude aud Latitude are every where 
equal, without any Reſpect to the Globularneſs of the 
Earth, but rather ſuppoſing the Earth and Sea to be a 
plain Superficies ; and hence it is, that this Projection is 
ialſe, except in Places under or near the Equinoctial. How- 
ever, it being much in uſe, I ſhall lay down the Pro- 
jection of it as followeth. 

If you would make a plain Chart for all the Earth 
and Sea, tis beſt to do it upon two Sheets of Paper; 

| M 4 | one 
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one Half each Sheet. Through the Middle of 
each 1 from the right Hand to the 
left, draw the ſpotted Line A B, which divide into 
180 equal Parts by any equal Parts, of the Scale, as 
large as your Paper will contain, which you may mark 
at every 10 Degrees with Figures, 10, 20, 30, Oc. 
to 180, beginning at any Place where you intend to 
reckon your Longitude from, which ſuppoſe let be 
London, let your Chart begin at the Weſt or left Hand, 
and fo reckon Eaſtwards, as in the following Example, 
where the two Charts contain all the 300 Degrees of 
Longitude. in Compaſs, and go Degrees of Latitude each 
Way from the Equinoctial. Then from the Middle of 
the Chart, as a Center, draw the 32 Points of the Com- 
paſs, as you ſee done, Then for- inſerting any known 
Place in the Chart, find by the Table of Latitude and 
Longitude of Places what Latitude and Longitude your 
Place hath, and place it in that Latitude and 
Fig. 54. Longitude in the Chart; as for Example, 
| Suppoſe I would inſert the Land's End of 
England, and the Weſt End of Cyprus in the Straits, and 
would find their Bearing and Diſtance; according to 
the Plain Chart, I find the Latitude of the Land's End 
of England in the Table is 49d. 55m. North, and Lon- 
gitude 5d. 14m. W. I reckon upon the Line A B, which is 
the Equincctial, till I come at 5 Degrees, viz. 5 of the 
ſmall Diviſions, and as near as I can compute, ſome- 
what leſs than 4 of another ſmall Diviſion, for the 
14 Minutes, and ſetting one Foot of the Compaſſes in 
that Mark, I extend the other to the next North and 
South Line, and running them up into Latitude 49d. 
55m. I make the Mark © to repreſent the 
Fig. 5y+ Lizard; and by the ſame Method I find the 
Weſt-end of Cyprus at the Mark 4, then the 
Diſtance between theſe two Marks taken in your Com- 
paſs, and applied to the Equinoctial Line A B, account- 
ing every Degree 60 Miles, and every 10 Degrees 600 
Miles, gives the Diſtance between the two Places, ac- 
cording to the Plain Chart; and then for the Courſe, 
obſerve what Line, or Point of the Compaſs, a Line 


' ſuppoſed 


n 
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ſuppoſed to be drawn between theſe two Places would be 
parallel to, which in this Caſe you ſee is an E. S. E. and 
W. N. W. Line, the neareſt Point repreſenting the Courſe 
required. N 

In like manner you may inſert any other Place whoſe 
Latitude and Longitude is given; as for Inſtance, I 
have inſerted the following Places, which becauſe the 
Draught is too ſmall to contain the Names at large, I 
have repreſented them by the following Letters annexed to 


them — 
© The Lizard. BD e, 


A The Ifland of Cyprus, in the Straits. 
a Majorca, an Iſland in the Straits. 
b Barbadoes, 
e Jamaica. 
J Cape Hen, in Virginia. 
o Bengal, in the Eaft- Indies. 
d Cape Bona Eſperanza. 
e The Naze of Norway. 


Theſe are ſufficient to let the Learner ſee how to ſet 
down the Places in a plain Chart. 


But ſuppoſe you are to ſail from any one of theſe Places, 
or any other Place, to ſome other Port, it is beſt to 
make a Chart for the particular Voyage, to contain only 
ſo much of the Earth and Sea as is contained between the 
two Places, or little more, and then you may make your 
Degrees of Latitude and Longitude larger, as in the fol- 
lowing Example. | 


A Ship ſets ſail from Flamberough-Head, in Lat. $44. 
o8m. North, and Lo ' = 


—_—_ od. om. W. intending for the 
Naze of 8 in Lat. 58d. oom. and Long. it 2M. 
E; I deſire a Chart made for that Voyage. 


This Chart is made to contain from 54 to 58 of Lati- 
tude, and from 16 to 21 of Longitude; and 


then by the former Rules, the Point A repre» Fig. 54. 
ſents Flamborough- Head, and the Point © upon 


the oppoſite Corner, is the Naze of Norway: Then 
| at 
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a Plambormugh Head, the Place failed from, as 4 Center 
T eſcribe a Quarter of a Compaſs, which in this Caſe is 
alwiys ſufficient, and thus is the Chatt ready for the 
Voyage. 3 | a ps 
A ber ferting off We Coutks add DiBijices; or Die- 


rence of Latitude and Departure, upon a Chart, common- 


ly called, pricking a Chart, I ſhall refer it till I come to 


ive ſome Examples of keeping a Journal by the Log and 
Coripaſs, | , 


Hao make a Mercator's Chart, 


4 Mercators Chart appears ſomewhat, like a Plain 
Chart, only with this Difference, that whereas, in 
à plain Chart, the Degrees of Latitude and Longitude are 
every where equal, it is not ſo in a Merca tor's Chart; for 
in it the Degrees of Latitude bear the ſame Proportion to 


the Degrees of Longitude, that they do upon the Globe 


and the Invention of this Chart is moſt properly owing to 
our worthy and ingenious Countryman, Mr. Edward 
Mrigbt, as may be ſeen in bis Correction of the Errors of 
Navigation: However, (I know not well for what Reaſon) 
unjaltly aſctibed to Mercator. Now although upon the 
Globe the Degrees of Latitude are every where equal, and 


the Degrees of Longitude grows leſs nearer the Poles ; 


yet in this Chart it is not ſo, but the Meridians are Parallels, 
and every where equal, as in a Plain Chart; but the De- 

of Latitude grow bigger near the Poles; ſo that in a 
Mercator's or Wright's Chart, there is always the ſame Pro- 


portion between a 
Longitude, in any Parallel, as there is upon the Globe it 


felf, though the Diſtances, are extravagantly diſtorted, eſpe- 


cially near the Poles, 


For the Projection of this Chart, there are two Lines 


upon Gunter's Scale, commonly placed next the Bottom, 


on that Side upon which the Logarithmical Numbers, 
Sines, and Tangents are; the loweſt of the two is a 
Scale of equal Parts, and the next to it is called the 


Meridian Line, by the help of which, if you would 
draw a large Chart of all the World between 85 Degrees 
of North Latitude, and 85 Degrees of South Latitude, 

| you 


ree of Latitude, and a Degree of. 
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you muſt prepare large Paper, or paſte Sheets of Paper 
together, till your Sheet contain about four Feet each Way; 
through the Middle of which draw the Equinoctial Line, 
as you ſee in the Plain Chart before inſerted, and gra- 
duate it with 10, 20, 30, Cc. by thoſe Diviſions upon 
the Line of equal Parts now mentioned, which done, 
when you fee how far the 180 Degrees of Longitude 
reach (if you make the Chart in two Parts, or the 360 
Degrees, if you make it all in one Draught, as your 
Sheet of Paper four Feet ſquare will eafily contain) and 
there draw Lines at Right- Angles, with the EquinoQtial 
Line, as you fee in the foregoing Charts, the Lines 
CAE, and DBF, Hg. 53, then theſe Lines graduated 
from A the EquinoQtial, both Ways, by the Graduations 
upon the Meridian Line upon the Scale, ſhall ſet off every 
Parallel of Latitude according to Mercator ; and when the 
Lines on both Sides are ſo graduated upwards and down- 
wards, from the Equinoctial, the Lines drawn from 
every Degree on one Side to the ſame Degree on the 
other Side, ſhall repreſent the Parallels of Latitude re- 
uired, 

5 But becauſe theſe Graduations would be too ſmall to 
make a Chart by, for any particular Voyage, it is better 
to make the Chart larger, and in that Caſe the Want of a 
Meridian Line ſo large, may be ſupplied by a Table of 
Meridional Parts; for having drawn the EquinoQial, 
or any other Parallel of Latitude, which is the ſame, 
for one Out-ſide of your Chart; ſet off 60 of any equal 
Parts for every Degree of Longitude, both at the Top 
and Bottom of your Chart ; this done, find (by the Rules 
laid down in Mercator's Sailing Trigonometrical) the Meri- 
dional Difference of Latitude, or the Meridional Parts 
contained between that Degree and the next, theſe taken 
from the ſame Scale of equal Parts, and ſet from the 
laſt Degree marked, ſhall find the next Degree, and fo 
in the reſt. 


The Rumbs, or Points of the Compaſs, are exactly the 
ſame as in a Plain Chart. | 
I ſhall explain what hath been ſaid by an Example of a 


Mercator's Chart, from Flamborougb- Head to the Naze of 
Norway before mentioned. 


Ham- 
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1 Lat. Long. 
Flamberough-Head——— 54d mj — d lom W. 
Naze of Norway 58 0——- 6 2E. 


It is beſt to make the Chart to a whole Degree, and in 
this Example I ſhall, as before, make it from Lat. 54 to 
58, and 9 Degrees of Longitude. 


Merid. Parts for Lat. 58d om 4294. 
Merid. Parts for Lat. 54 8 ——— 3878 


Merid. Diff. of Lat. in the whole Chart —— 416 
Diff. of Longitude in the whole Chart 540 


Having drawn the Line 4a, ſet off the whole Meridi- 
onal Difference of Latitude 416, off any convenient Scale 
of equal Parts, from d to a, and draw ab, and dc, per- 
pendicular to d a, and ſet off the whole Difference of Lon- 
gitude 9 Degrees, or 540 M. from d to c, a d from a to b, 
and draw c 4; thus you have the whole Subſtance of your 
Chart, 

Then ſet 60 of the ſame Parts from d to o, and from 
o to 1, and from 1 to 2, &c. both upon the Line dc, and 
upon the Line ab, and draw the Lines © 0——0 1—1, 
&c. thus is your Longitude graduated. 

Then for the Latitude, find the Meridional Difference 
of Latitude, between Lat. 54 and 55, which is 103, 
therefore ſet 103 of the ſame equal Parts from à to 55, and 
from bto 55, and draw the Line 55—55 ; then find the 
Meridional Difference of Latitude between Lat. 55, and 
Lat. 56, which is 106, which ſet from 55 to 56, on both 
Sides, and draw the Line 56—56, and ſo find alſo the 
Line 57—57. Then upon the Center A, which repre- 
ſents the Place failed from, draw a Quarter of a Compals, 
the Rumb upon that Compaſs ſhews the true Courſe from 
Flamboraugh-Head, at the Point A, to the Naze of Nor- 
way, at the Point © , which you ſee differs much from the 
Courſe found by the Plain Chart. 


The 
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- The Diſtance between any two Places in a Mercator's 
Chart is thus found ; Find the Difference of | 
Latitude between the two Places, which here Eg. 55. 
is 3d. 52m. or 232 Minutes, which ſet off 
upon the Lines ab; take the 3 whole Degrees from 17 to 
20, and the 52 Min. in the graduated Degree, account- 
ing every Part 10 Min. becauſe the Degree is divided into 
6 Parts; then keeping your Compaſles at that Extent, 
lay a Ruler fo, as it may juſt cut the two Places, whoſe 
Diſtance is required; then ſet one Foot of your Compaſſes 
at the Ruler's Edge, ſo as that the other turned about 
may juſt touch ſome Eaſt and Weſt Line, then 
ing that Foot faſt that flood" againſt the Ruler, open the 
other to the Croſſing of the Ruler, and the ſaid Eaſt and 
Weſt Line, that Extent meaſured dn the Parallel ab, al- 
lowing 60 Miles to every Degree, gives the true Diſtance 
uired. A 1 8 
Thus a Scale laid from a to O, deſcribes the pricked 
Line @ C, then with 3d. 52 min. in your Compaſſes, and 
one Foot in h, the other turned about will juſt touch 
the Line 57 57; then obſerye where the Line 
57 57 cuts the pricked Line @ ©, as in &, the Ex- 
tent h &, meaſured on the Line 45, gives the true Di- 
ſtance. | 


How to make a true Plain Chart. 


UT a Third Sort of Charts I ſhall next deſcribe 
B which is as true as Mercator's, and yet as plain, eaſy, 
and expeditious for Practice, as the Plain Chart, but it 
cannot be made but for a particular Voyage, and generally 
when you intend to come back the ſame Way you go, and 
it is thus made. 

Having the Latitude and Longitude of the two Places 
between which you are to fail, find the true Courſe 
and Diftance, by Caſe the Sixth of Mercator's Sailing, 
which found, ſet off the Courſe and Diſtance between 
the Place ſailed from and the Place bound for, as you 
are taught in Traverſe Sailing Geometrical ; ſo have you 

two 


* . 
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two. Points repreſenting the two Places, and if your Ship 
fail upon ſeveral Courſes and Diſtances, in form of a Tra- 
_ verſe, as you are taught in. Treverſe Sailing Geometrical, 

and ſo you may every Day ſet off the Courſe and Diſtance 
from the Ship to the Place bound for, according to Merca- 


tor, and yet it is done as eaſily as in Plain Sailing. I ſhall , 


inſtance in the fore - mentioned Voyage. nt 
A Ship. fails from Flamborough- Head 54d 8m od 10m W. 
Intending for the Naze of Norway 58 0 6 2 E. 

As Merid, Diff, Lat. 416 — 2.67909 
Is to Radius 5i god oom 0. ooοοο 
So is Diff, of Long. — 372 — 2.57054 


To Tangent of the Opurſe—41 46951745 
I Dt 
As Sine Comp. Courſe——— 41d 48m - — 9.87243 


opropet Diff. of Lat. 232. — 2.3634 


So is Radius Jo o — 10.00000 
To the Diſtance 392 — 2.59305 


Here 4 repreſents Flamberough- Head, B the Naze of 

* Norway, the Line AB the true Diſtance, 278 

Fig. 56. Miles, the Angle CAB 33d. 22m. the Courſe 
tom the Meridian, and in this Chart the De- 
grees of Latitude are equal Diviſions, and eaſily repreſtn- 
ted, but the Degrees of Longitude, if they are inſerted 
here, would be curved Lines, and hard to project; 
nor is it needful, ſeeing upon this Chart you need not 


regard the Longitude as you go along, but only the Courſe, . 
and Diſtance upon each Courſe, according to the Rules 


laid down in the ſecond Queſtion of Traverſe Sailing Ges- 

metrical. | 

_ Having thus ſhewed how to make the ſeveral Charts, 

I ſhall ſhew the Uſe of them, when I come to give ſome 

Examples of keeping a Journal, in which I ſhall inſtance 
in 
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in the ſpme. Voyage for which, theſe Charts, are pr 
every Day's Work upon each Chart ; of which here: 1 


after. 
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How to take an Obſervation. '. 


303” $3 3 USES 2 iin £12471 | n OUS 
HE moſt uſeful and eaſy Way to take an 'Obſer- 
vation by the Sun, is with a Quadrant, commonly 

called Davis's Quadrant, conſiſting of two Arches, in 

ſome-a 30 Arch, and 60 Arch; but more commonly 

of late, an Arch of 25 Degrees, and another of 65; 

but the Way of uſing them is all one and the ſame; for 
by theſe Quadrants you do not ſo readily find the Sun's 

Altitude, but the Complement of | the Sun's Altitude, 

commonly (and properly) called the Sun's Zenith Diftance, 

being the-Sun's Diſtance from the Zenith, or Point right 
over our Head, which is eafily found by one of the Qua- 
drants; for having fitted your Vanes ſo, as that when you 
have the Horizon right through the Sight Vane and Ho- 
rizon Vane, the Shadow may at the ſame time fall directly 
from the Top of the Shadow Vane to the Top of the Slit 

(which is the Middle) of the Horizon Vane, ſtill re- 

moving the Sight Vane downwards, as you obſerve. the 

Sun to riſe, till you find that the Sun is upon the Me- 

ridian, and then you have done your. Obſervation for. 

that Day: This done, obſerve what Number or Figure 
you have upon the 60 (or 65) Arch, juſt under the 
upper Edge of th: Shadow Vane, (which ſhould always 
be placed upon an even 10 Degrees, to fave Trouble in 
the Addition) and alſo obſerve what Degree and Minute 
you have upon the 30 (or 25) Arch, juſt under the 
Middle of the Sight Vane, even with the Line or Stroke 
that goes from the Hole along the Middle of the Vane ; 
. and 
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Vane; and theſe two Numbers added together, the Sum 
is always the Zenith Diſtance, which is to be uſed as in the 
| following Directions for working an Obſervation. 


How to work an Obſervation. 


HERE are but four Caſes, or Varieties in working 

an Obſervation, in whatſoever Part of the World 

bag or whether the Sun's Declination be North or 

t 

The firſt is, when the Sun is between the Horizon and 

the Equinoctial, and then the Rule is, ſubtract the Decli- 

nation from the Zenith Diſtance, the Remainder is the 
Latitutle of the Place. . 


„ EE 


| Demiftratin , 2 


The Latitude of the Place is the Diſtance between 
the Equinoctial and the Zenith of that Place. 
Fe. 57. The Sun's Declination is the Sun's Diſtance 
| from the Equinoctial: And the Sun's Diſtance 
from the Zenith of the Place, is the Zenith Diſtance or 
Complement: of the Sun's Altitude. Now if from © Z 
the Zenith Diſtance, you ſubtract OF, the Sun's De- 
clination, there remains EZ, the Latitude of the Place oy 
EAN, 


| Example. | 
Kyppoſe the Sun's Zenith Diſtance be Z 76, and the 
Sun's Declination South EO 16, ſubtract OE the Decli- 
nation 16, from ©Z the Zenith Diſtance 755 there reſts 
EZ bo, the Latitude required. 


The ſecond Variety is, when the Sun is between the 
Equinoctial and the Zenith, and then the Rule is, Add 
the Zenith Diſtance to the Sun's Declination, the Sum 
is the Latitude of the Place: For if to (Z, the Zenith 
Diſtance, you add © E, the Sun's Declination, the Sum 
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is E Z, the Diſtance between the Zenith and the Equi- 
noctial, which is the Latitude require. 


r Example. 


Suppoſe the Sun's Tenith Diſtance © Z 35, the Sun's 
Declination North E © 10, if to © Z 35 the 

Sun's Zenith Diſtance, you add E © lo the Sun's x. 58, 
Declination, the Sum muſt needs be E Z 45, | 
the Latitude required. A in; 


The Third Variety is when the Sun is between the Ze- 
nith and the elevated Pole, then the Rule is, ſubtract the 
Zenith Diſtance from Declination, the Remainder is the 
Latitude of the Place. 


Example. 


Suppoſe the Sun's Declination be E. O 20, and the 
Zenith Diſtance Z © 10; ſubtract the Zenith 
Diftance Z © 10, from the. Sun's Declination Fig. 59. 
3 there reſts E Z 10, the Latitude re- 
qu | 


The Fourth Variety is when the Sun is between the 
. elevated Pole and the Horizon, and then the Rule is, 
Subtract the Sun's Complement of Declination from the 
2 Diſtance, the Remainder is the Complement of 


Example. 


Suppoſe the Sun's Declination be 22, (its Complement 
is 68) the Zenith Diſtance 85, then from Ze- 
nith Diſtance © Z 85, ſubtract the Complement Fig. Co. 
of Declination © P 68, the Remainder Z P 17, 
is the Complement of Latitude, which ſubtracted from go, 
leaves 73, the Latitude required. pt 4g | 
But becauſe *tis ſeldom that any fail ſo far North or 
South, as that they can conveniently take a backward 
Obſervation by the Sun, —_ the elevated Pole, 2 
| is 


— 
oi 
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this Caſe, it may be done by a forward Obſervation, and 
work with the Sun's Altitude or Height above the Horizon, 


and then the Rule is, Add the Sun's Altitude to the Com- 


plement of Declination, the Sum is the Latitude; thus if 


3 in the laſt Example, you add the Sun's Altitude, O © 52 


to the Complement of Declination © P 68, the Sum O P 
73, is the Height of the Pole above the Horizon, which 
is the Latitude of the Place. * 2 ri 

This ſame Operation will hold in taking an Obſerva- 
tion by a Star, when under the elevated Pole; becauſe 
both here, and in all other Caſes in obſerving by the Stars, 
we are obliged to take the Obſervation forward, becauſe a 
Star caſts no Light ſufficient for a backward Obſervation, 
and then, inſtead of the Zenith Diſtance, work with the 
Altitude, 

In forward Obſervations, whether by Sun or Stars, there 
are alſo Varieties, as in a backward Obſervation, which F 
fhall only ſpeak to, the Demonſtrations being pretty evident 
from the foregoing Figures. | | 

The firſt Caſe is, when the Star is between the Equi- 
noctial and the Horizon, and then the Rule is, Add the 
Altitude of the Star to its Declination, the Sum is the 
Complement of Latitude, which ſubtracted from 90 leav 
the Latitude required. : 1 

Secondly, When the Star is between the EquinoQtial 
and the Zenith, ſubtract the Star's Declination from its Al- 
titude, the Remainder is the Complement of Latitude, 

Thirdly, When the Star is between the Zenith and 
the elevated Pole, then ſubtract the Complement of De- 
elination, from the Altitude, the Remainder is the Lati- 
rude. | 

The fourth Variety is ſpoke to in the fourth Variety 
before going; and fo much ſhalt ſerve for the working an 
Obſervation ; theſe Rules, if well obſerved, being ſufficient 
for working Obſervations in all Latitudes, whether North 
ot South, and at all times of the Year, as a little Practice 
will make evident. | ; J 

It is poſſible to take an Obſervation by the Moon : but 
there are ſo many things to be accounted for, as Para- 
lax, Refraction, Sc. and the Moon ſeldom to be ſeen, 
but when ſome known Star may alſo be feen, and 1 

having 
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having in this Book inſerted a Table of fixed Stirs, their 
Declinations, c. I ſha!l refer the Reader to it, the Sun 
and Stars being ſufficient in all Caſes for taking Obſerva- 


tions, 


Ser V. 


How to reckon ihe Tides. 


Of the General Mation of the Tides, and how to Jnow the 
Time of High Water at any known Port, only by a Sight 
of the Moon at any Time of the Day or Night. X 


HE Y that would be able to give a good Account of 
| the Tides, or of the Time of High Water or Low 
ater, at any Port or Harbour propoſed, it is neceſſary, 

in order thereunto, that there be a right Underſtanding 
of the original Cauſe of the Motion of the Tides, or 
Ebbing and Flowing of the Sea; a Thing which hath 
been oſten in Diſpute among the Learned, both Mathe- 
maticians and Philoſophers, whoſe different Sentiments 
have rendered the Thing as dubious as when they firſt be- 
gan with it; ſome aſcribing the Fluctuation of the Sea 
to the ſwift Motion of the Earth, according to the 
Copernican Syſtem, and that the Water being a fluid Body, 
and not preſently acquiring ſo ſwift an Agitation as the 
Earth it ſelf, it muſt conſequently be higher Water up- 
on one Part of the Globe than upon another, and this 
they illuſtrate thus: Suppoſe a Boat under Sail, with freſh 
Way, and a ſmall Quantity of Water in the Boat, it ſeems 
very plain, that the ſwiſt Motion of the Boat would 
make the Water incline rather towards the Stern of the 
Boat; but if the Boat, when failing with that Speed, 
ſhould by coming aſhore, or ſome other Accident, 
meet with a ſudden Interruption, and at once ftand till, 


the Water till retaining in ſome meaſure its former 
N 2 Mo- 
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Motion, will preſently run to the fore part of the Boat, 
and by this they would ſome Way or other demonſtrate, 
that the Motion of the Tides depends upon the Motion 
of the Earth: But to uſe no other Arguments for the 
Confutation of this Opinion, the Abſurdity hereof will 
appear in this ; that if the Motion of the Earth were the 


original Cauſe of the Motion of the Tide, then the Tide 


muſt neceſſarily follow the Motion of the Earth, (or to 
our Apearance the Motion of the Sun) and conſequent- 


ly it muſt always be High Water at one Place, at one and 
the ſame Time of the Day; but the contrary is fo evi- 


dent to all, that there needs no more be ſaid to diſ- 


prove it, | 
Others ſay, the Flowing of the Tide is occaſioned by 


x great Confluence of Water [proceeding from the Mael- 


ſtream, (called by ſome the Navel of the Sea, being (as 
it is reported) an Eddy, or +Whirl-pool;” under the 
Weſt Coaſt of Norway, or Finmark, from whence (it is 
faid)' during the ſix Hours Flood, the Water iſſues 
violently out, and occaſions the Rifing or Flowing of 
the Water in all the adjacent Parts, and ſinks with the 


ſame Violence during the Ebb; fo that it is ſaid, that 


during the Flood, the heavieſt Metal will not fink ; 
and during the Ebb, the lighteft Subſtance, or the beſt 
of Ships will not ſwim ; but what Reaſon they will 
give why this Ebbing and Flowing ſhould be regulated 
and governed by the Motion of the Moon, I do not un- 
derſtand, unleſs this Iſſue of Water be ſupplied by ſome 


Communication that it hath with the Eaflern Seas, by 


ſome Paſſage under the Main Continent of Norway, but 


this being an Uncertainty, we ſhall wave it, as well 


as the Opinion of a third Sort, who affirm that God, 


who created all Things, = Life to all his Creatures; 


and that the Ebbing and Flowing of the Sea is no more 
but the Breathing of the Earth, which ſeems to me a 
very odd 'Fancy, and not worth inſerting, had it not 
been in this Collection of the various Opinions of the 
Learned upon this Subject. I ſhall among the reſt, de- 
liver mine own Opinion in the Matter; and although 
I do not think my ſelf able infallibly to giye a definitive 
Sentence in the Caſe, yet I ſhall endeavour to- prove it 
">< to 
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to be conſiſtent with the Obſervation and Experience of 
our Mariners, and ſhall anſwer what Objections can eaſily 
be md ageaeF e Dos 7727-2 959 thu ghee hot 

It is evident to all that own the Rotundity of the 
Earth, (a Thing generally out of Controverſy amongſt 
the Learned) the there d à Principle of Gravitation 
towards the Center of the Earth, and that this attrac- 
tive Influence is diffuſed to all Beings whatſoever 
within the Orb thereof; and hence it is, that we that 
inhabit the Earth find no ſuch” Thing as an upper ſide 
and an under" fide of the Earth, but in all Parts of the 
Superficies © thereof we find a like natural Tendency 
towards its Center, as it is evident by the Experience 
of thoſe that have ſailed about the World, and yet in 
their ſo far different (if not diametrically oppoſite). 
Places that they have failed to, have found themſelves 
and every particular thing to have the ſame preſſing In- 
clination towards the Center of the Earth, which ſeemed. 
to them to be downwards, as well as it doth to us. Now 
if we grant the Earth this ftrong Principle of Gravita- 
tion, Inclination, or Attraction towards its Center, 
which Reaſon and common Experience proves, we 
have Reaſon from thence to believe, that the other 
Bodies, as the Sun and Moon, have the ſame Principles 
of Gravitation towards their Centers, (which may be 
proved by ſome Reaſons, which, to inſert here, would 
be too great a Digreſſion from the preſent Subject) which 
being granted, 1 ſuppoſe the Ebbing and Flowing of 
the Sea to be occaſioned by the Attraction of the Sun ' 
and Moon (eſpecially the Moon being a ſecondary Pla- 
net, which moves far nearer the Earth, and reſpects it 
for her Center) the Strength of which Attraction, al- 
though it cannot have any Influence upon the Solid 
Part of the Earth, yet the Water being a fluid Sub- 
ſtance, is more eaſily affected with this attracting Power, 
- and by Virtue thereof (while the Earth \ Ariat] 
round) the Water is gently ſacked and drawn into an 
oval Form, by Reaſon of its inclining Tendency towards 
thoſe attractive Bodies, thereby cauſing High- Water 
where the Ends of the Oval is, and conſequently Low- Wa- 
ter at the Middle of the Oval, as may be demonſtrated 

24 thus 
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thus: re made of any flexible Subſtance, as 

Wood, fine Steel, Cc. of equal Dimenſions, and laid di- 
rectly one upon the other; and then if from oppoſite Points 
the uppermoſt were extended into an oval Form, it is evi- 
dent, that as the extended Part or End of the Oval is drawn 
without the round Hoop, the two Sides, or Middle of it, 
will be contracted and within it; and ſtill, as the 
tranſverſe Diameter of the Oval were extended and aug · 
mented, the Conjugate, or ſhorteſt Diameter, will be 
contracted, and diminiſhed ; which plainly demonſtrates 
how the Water, when by an attractive Power it is drawn 
above its mean Elevation, at the End of the Oval, it muſt 
needs be depreſſed. below its uſual Poſition at the two Places 
a Quarter diſtant from theſe two oppoſite Points, which 
Elevation aud Depreflion is the Occaſion of High and 
Low- Water, which happens at (near) fix Hours Diſtance, 
between High. and Low- Water, and confirms the Truth. 
noo which is alſo evident by the following . Rea- 


ONS, 1 | if: 29 | 
- Firſt, Becauſe the Motion of the Tides generally fol- 
Jaws, and is govern'd by the Motion of the Moon; 
ſo that the Moon being upon one and the ſame Point of 
the Compaſs, makes High Water at any particular Place, 
at one and the ſame. Time, (unleſs accelexated, or re- 
tarded, by Winds, Land- floods, or the like) by which 
it ſeems very probable, that the Moon is the principal 
Agent in this regular Motion of the Sea; and if ſo, then 
nothing more likely than that the Influence of her at- 
tractive Power drawing the flexible Subſtance of Water 
into an elliptical or oval Form, as before aſſerted, is the 
Cauſe thereof. Fe 4 | 
But ſecondly, It is obſerved by all, that the Spring 
Tides, (viz. at the New and Full Moon), are greater 
than the Neap-Tides (which are at the firſt and laft 
Quarters). by which it ſeems evident, that although, 
as I ſaid in the laſt Paragraph, that the Moon is the prin- 
cipal moving Cauſe of the Tides, yet the Sun having 
alſo the like attracting Power, hath an Influence upon the 
Water alſo, although not fo great as that of the Moon, 
(becauſe the Moon is much nearer the Earth, and is a 
ſecondary Planet, reſpecting the Earth for her Center, 
| - 200 


and tbereſore, when the Sun and Moon are in Con- 

junction (as at the New Moon) or in Oppoſition, (as 
at the Full Moon) then the Tides are greateſt; becauſe 
the attractive Influence of the Sun is added to that of 
the Moon, and both raiſe the Water at one and the ſame 
Place, making the — — But at the Quarters, 
viz. when the Sun and Moon are about go Degrees, or 
a Quarter of the Zodiack diſtant, then the attractive 
Influence of the Sun rather impairs that of the Moon ; 
the one raiſing the Water where the other depreſſes it; 
ſo that although, for Reaſons before given, the Influ- 
ence of the Moon's Attraction upon the Water is greater 
than that of the Sun, and therefore the Tides follow 
the Motion of the Moon, and not of the Sun, yet their 
contrary Influence leſſen the greater Influence, viz. that 
of the Moon: which is the Cauſe of the Neap-Tides : 
and "this*alſo' may be illuſtrated thus: Suppoſe a Hoop 
of Steel, or any flexible Metal, be faſtened to any Place, 
if a Man with a Rope fixed to one Side thereof ſhould 
pull with all his Strength at the ſaid Rope, it would 
make the Hoop decline into an elliptical or oval Form 
but if another Man, though of an inferior Strength, 
ſhould" fix a Rope in the ſame Place where the firſt was 
fixed, his Strength added to the firſt would make the 
Ring or Hoop yet more elliptical, and would ſtretch out 
the tranſverſe Diameter thereof yet longer, in Compa- 
riſon of the Conjugate. But if the firſt | Rope remain 
fixed ag before, and the other, managed by inferior 
Strengh, be removed a Quarter of the Hoop's Diſtance 
from the firſt, then although the Ellipſis will in ſome 
Meaſure retain its oval Form, inclining to the ſtronger 
Attraction, yet the Power of the contrary Attraction 
will depreſs the other, and cauſe the Hoop to retain a 
Form at leaſt nearer to a true Circle, than as if the 
Attraction were all in one place; and this plainly il- 
luſtrates the different Attractions, cauſing different Tides, 
viz. when the attractive Powers are united their In- 
fuence is greater, cauſing the Water to be more ellip- 
tical, thereby occaſioning Spring Tides, at the New 
and Full Moons; but when the attractive Powers are 
ſeparated, as at the firſt — laſt Quarter of the 9 
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the Influence of the greater. Wnetf>regparent, which ee 
the Neap-Tides. 
But my third Reaſon is, Becauſe we ſee that the Spring 
Tides at the Equinoxes, vis, in March and September, are 
commonly higher Tides than the Spring Tides at the Sol- 
ſtices, viz. in June and December; the Sun, and alſo the 
New and Full Moon, moving in or near the EquinoCtial, 
in a right Aſpect to the Earth; whereas their Influence is 
ſomewhat impeded at the Solſtices, by their more oblique 
Poſition to the Earth. All which ſeems plainly to prove, 
that as the Tides are regulated. and governed by the Mo- 
tion of the Moon, fo her active Power, together with 
that of the Sun when joined with it, is the original Cauſe 
thereof. 

Now againſt what -hath been aid, there ſeems two 
* Objections to ariſe ;. the firſt is, that if the Tides 


govern'd by the Moon, and if her Attraction be the 
Cauſe thereof, her Diurnal Motion being from Eaſt to 


Weſt, it would follow that the Flood -Tides ſhould in 
all Places ſet Weſtwards ; but daily Experience proves 
the contrary ; for it ſets in ſome Places South, as 

the Coaſt of England, and in ſome Places North, 25 
upon the Coaſt of Holland; yea, and in ſome Places Taſt, c 
as in the Britiſb Channel, which makes againſt my former 
Aſſertion. 

A ſecond ObjeQion i is, that if the Tides be cauſed by 
the Moon's Attraction, it ſhould be High-Water at all 
Places, when the Moon is upon the Meridian of the Place, 

or that a North and South Moon ſhould make full Sea in 
every Place; but the contrary is evident by the Tide- 
'Tables, and by the Experience of all Sailors, 

In anſwer to the firſt, viz. that the Flood-Tide 
ſhould ſet Weſtward in all Places, (the Anſwer to 
which will alſo partly imply an Anſwer to the ſecond, 
viz. that it ſhould always be High Water at any Place, 
when the Moon is upon the Meridian of the Place) I 
grant that if the Tides be occaſion'd as before aſſerted, 
then this regular Motion of the Sea, from Eaſt to Weſt, 
muſt neceſſarily follow, if this terraqueous Globe were 

equally environ'd with Water, and that the aforeſaid 
Motion of the Sea were not interrupted by the Land ; 


but 


* 


* 3 x 
In a—_— 
« _ - 
* P * * 
a 


. V. One n 155 

t it is evident, eſpecially where the Sea joins imme, 
—— upon the Weſt of any Main Cantet, th 72 
Flobd cannot ſet Weſtwards there, becauſe that would 
be right from the Shore; as for Example, ſuppoſe the 
whole Land of "Europe and Africa were all one Main 
Continent; and ſuppoſe the North Cape of Finmark, in 
about Lat. 51 North, and the South Cape of Africa, in 
about Lat. 34 South were both under one Meridian, 
and that this Main Continent were terminated on the 
Weſt with a ſtrait Coaſt, lying under the ſame Meridian, 
that the two extreme Points, the North and South 
Capes, lie under; now it is plain, that the Tide cannot 
come from the Eaſtward upon this Weſt Coaft ; but if 
the Tide be cauſed by this Weſterly Motion of the Sea, 
according to the Motion of the Moon, it muſt ſet Weſt- 
wards, about the North and South Parts of the ſaid 
Continent, and ſo proceed from the North Cape South- 
ward, and from the South Cape Northward, along this 
Weſt Coaſt ; and the Truth of this ſeems evident' alfo 
from our common Experience ; for we find, that the 
Flood proceeds from the Northward, along the Coaſt 
of Norway, and there finding a Paſſage between Scotland 
and Norway, marches along the Eaſt Coaſt of England, 
and hence it is High-Water ſooner in Scotland, than in 
England, and ſooner on the Coaſt of the North Part of 
England than on 'the South Part; thus it is High-Water 
at Aberdeen in Scotland,” 45 Min. after Moon's Southing, 
but at Tinmouth-Bar, not till three Hours after, and at the 
Spurn 5 Hours and 15 Min. and at Cromer 6 Hours, and 
at Yarmouth-Pier 9 Hours, and at Harwich 10 Hours 30 
Min. aſter the Moon's Southing ; the Tide, at the ame 
Time being rolling along the Weſt Coaſt of Scotland, 
and from thence to the Weſt Coaſt of Ireland, that Paſ- 
ſage between the North-Eaft Part of Ireland, and the 
South-Weſt Part of Scotland, being ſo narrow, that the 
Tide finds little Paſſage ; and therefore the Eaſt Coaſt 
of Ireland is ſupplied by a Tide which ſets Southward 
along the Weſt Coaſt ; and hence the Tide flows Eafl- 
ward, along the South Coaſt, and Northward along tte 
Eaſt Coaſt thereof, as is evident by the Time of High- 
Water obſerved in the Tide-Table ; for upon the Full 
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and Change Days, it is High- Water at Sn - Head at 10 
Hours 20 de from thence in 6 Hours it paſſes along 
the Weſt Coaſt, and butts in upon the South Coaſt, fa 
that at 4 Hours 30 Minutes it is High- Water at King- 
fak, Cork and Waterford, and from thence in 45 Minutes 
more, it paſſes oyer to Milford, Lundy, Ec. and at the 
ſame time it ſlides Northwards, along the Eaſt Coaſt of 
treland; ſo that in 3 Hours 45 Mi. it flows from Water- 
ford to Dublin, and in 45 Min. more t the Iſle of Man, 
Dec. Thus the general Motion of the Tide to the -South- 
ward, having, as by a Branch proceeding from th 
filled up all the Vacancy between England and — 
it proceeds ſtill to the Southward, and upon the Full 
Change Days, it is High- Water at the Land's End of 
England at 7 Hours 30 Min. and in its unwearied Motion 
to the Southward it finds a Paſſage up the Britiſp Chan- 
nel, and 45 Minutes after High-Water at the Land's 
End it is High- Water at Portland, and in 3 Hours 45 
Min. more, it is got up to the Ifle of Wight, Southamp- 
ten, and Portſmouth, being High-Water at the fame 
Time on the other Side of the Channel, upon the Coaſt 
of France, about Guernſey and Ferſey, ſo proceeds 
flowly along the Coaſt of Francg and Holland ſtill. to the 
Northward, being ſupplied by a Tide up the Channel; 
and this (to follow it no- further) may ſufficiently prove, 
that the General and Original Motion of the Tide Welt- 
wards occaſions: its Motion to the Southward along the 
Coaſt of Norway, and conſequently all its compounded 
Motions and Branchings into the 1 Sea, the Channel, 
&c. And it is evident, that although the Tide, if not 
interrupted, ſhould be at the Height where the Moon is 
apon the Meridian; yet it finding ſo many whirling 
Motions. to and fro between the 4 the Moon, at 
the ſame 2 keeping her ſtrait and uninterrupted | 
Courſe to the Weſtward, all the Time that thoſe irre- 
gular Vacuities are filling up, it is plain, that the Moon 
muſt needs be paſt far from the Meridian before it can 
be High-Water at ſome of thoſe Places, and yet the 
Tide occaſioned as before aſſerted; which I think wilt 


ſufficiently anſwer the two Objections before . 
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prove this Hypotheſis to be very conſiſtent with Rea- 
fon el, and the Experience of all Obſervers. 


Now if any Body will ftill inſiſt further upon honed 


hinted upon before, viz. That the Tide i o. 
by a Confluence of Water ariſing at the Macl-ftream, or 
Navet of the Sea, and proceeding from thence, &c. and 
for Confirmation thereof will alledge that they have 
ſeen and obſerved this regular Riſing and Sinking of 
the Water (before ſpoken of) at that Place; I . 
J can eaſily approve of this * without denyin 
mine own hitherto aſſerted; for they are very eaſily 
reconcilable ; fince it is poſfible, and v wal chat 
this Ebbing and Flowing, at the Mael- „may be 
occaſioned by fame ſubterraneous Cavern, whereby this 
Place hath fome Communication with the Eaſtern Seas, 
and is ſupplied from thence; which being granted, it 
will follow, that while the Tide (whoſe general Motion 
is Weſtwards) is interrupted by the Continent of Norway, 
Sc. and thereby is forced to and a Way about the North 
Cape; yet by the Way, finding this Paſſage under 
Ground, and the Tide, by Virtue of the Moon” 8 At» 
traction, inclining that Way, there may be ſuppoſed 
to be ſo much Water conveyed that Way as that obſcure 
Paſſage can contain, though far ſhort of ſo much as to oc- 
caſion that Flowing and Ebbing that is obſerved ; and 
this being , it is evident, that this Riſing and 
Falling at the Mael-ſtream, muſt needs keep time with 
the Motion of the Moon, and of the reſt of the Tide 
becauſe it proceeds from the ſame Original, and is * 
ſmall Branch thereof; and this we may ſee illuſtrated 
by our common Rivers, whoſe Natural Motion, when 
interrupted by Banks, or other Impediments, cauſeth 
the main Body of the Water to find a Paſſage ſome other 
Way; yet if at the ſame time, any ſmall Holes be found in 
the ſaid Banks, there will always ſo much Water paſs 
thereby as the ſaid Holes can contain; though 4 main 
Body of Water is forced another Way: ce, from 
what hath been ſaid, it is plain, that this al Flood 
and Ebb obſerved at the Mael- ſtream, muſt needs have 
the ſame regular Motion with the reſt of the Tide, 
which I — has at firſt occaſioned, and ſince ſeemed 
to 
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14179 what has been ſaid 1 ſhall only add, that this that 1 
have here aſſerted ſeems yet to be further confirmed by our 
Obſervations abroad; for, it is obſerved, that there is little 
or no Tide at the Straits of Gibraltar, nor upon the Coaſt 

of Guinea; nor can it be expected, according to this Hy- 
potheſis; for if the Tide comes from the Northward, it 
may be ſuppoſed, that by that Time that it hath. paſſed ſo 
far along, and having ſo many Vacancies to fill up, as the 
German Ocęan, the Iriſt Sea, the Briti/þ Channel, the Bay 
of ' Biſcay, &c. its Power muſt be very much impaired, if 
not totally exhauſted, before it comes 0 far as the Coaſt 
of Africa before mentioned. 
Now it may be queſtioned, what. j is the Reaſon that 

there is little or no Tide in the Baltick Sea, ſeeing there 
are ft Tides almoſt on every Side of it, viz, upon the 
Coaſt of . ay on the North of it, on the Coaſt of Hol- 
land on the South, and on the Coaſt of England on the 
Weſt of it, &c. 

I anſwer, it is hard to determine abſolutely what is 
the Cauſe thereof; but I ſhall lay down, ſome Conjec- 

tures, which may conduce very much that Way ; for 
if it was High- Water at & and - Coaſt, of Norway 
at the ſome Time that it is High-Water upon the Coaſt 
of Futland Southward from the Baltick Sea, it muſt needs 
force a Tide into the Baltick Sea, as well as High-Water - 
upon any Coaſt forces a Tide, up the Inland Rivers there; 
but this cannot reaſonably be expected, if we conſider, that 
the Tide along the Coaſt of France, Holland, and Jutland, 
proceeds from the Britiſb Channel, and comes from thence 
Northwards, along the ſaid Coaſts of Holland, De. but 
the Tide upon the Coaſt of Norway ſets to the Southward, 
as hath been largely proved, the two Tides both termina- 
ting at the Mouth of the Baltick Sea ; hence it is very 
probable, that it may be High-Water upon the Coaſt 
of Tutland, when it may perhaps be Low-Water, or 
ſome intermediate Tide at the Naze, or South Coaſt of 
Norway; and if fo, it cannot force a Tide into the Bal- 


tick Sea, but rather a ung Current, or Inclination 2 
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the Sea ſrom that Place on one Side of the Mouth of the 


Baltick Sea where it is High- Water, to that Coaſt on the 
other Side where it is Low-Water ; and hence it will neceſ(- - 
farily follow, that this Current muſt ſet ſometimes one 
Way, and ſometimes another. And this may be a 
as a Reaſon why many have found themſelves deceived in 
their Reckonings, when intending to make the Naze, or 
other Lands thereabouts; and when they have imputed their 
liftake to a Current ſetting towards that-Point of the 
Compaſs towards which they have found themſelves unex- 
pectedly carried, thinking thereby to regulate their future 
Reckonings, they have found themſelves at another time 
under a quite contrary Error, and hence have concluded 
that there was no Current at all, but ſome other Thing 
hath been the Cauſe of their Error; whereas, if the Tides 
upon the Coaſts of Norway and Futlandy viz. on each fide 
of the Mouth of the Baltick Sea, were carefully obſerved 
and determined, and the Current allowed to run or ſet from 
the Higheſt Water to the Loweſt, (upon which of theſe 
Coaſts ſoe ver it were) and to be at Stand only when the 
Water upon both the ſaid Coaſts were of equal Height 
(whether Riſing or Falling) I queſtion not but that the Mo- 
tion of this Current might thereby be limited and deter- 
mined, as well as the Motion of the Tides elſewhere, and 
due Allowance might be given for the Current there, as 
well as for the Ebbs and Floods: in other Places, to the 
great Satisfaction and Advantage of thoſe that uſe the 
Eafl-Country Trade. | 
This Motion of the Tide thus granted, I ſhall next ſhew 
how to find the Time of the Moon's Southing, and (with 
a little Application) the Time of High-Water by a Sight © 
of the Moon, at any Time of the Day or Night. 
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How to know the Time of the Mum coming 1 
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T is commonly known, that the New Moon being in 
Conjunction with the Sun; ſouths at Noon, and the 
** Full Moon being oppoſite to the Sun, comes to 
Fig. 61. che South at Midnight; and at the Quarters, 
when ſhe is juſt half full, viz. to the Line N. 6 
8, which eroſſes the Figure directly in the Middle, then 
ſhe is South at 6 O Clock, and if the Light half be on the 
Weſt Side, N. W. S. and ſhe half full, ſhe ſouths at 6 in 
the Evening, as at the firſt Quarter; but if the light 
Half be on the Eaft Side, N. E. S. ſhe ſouths at 6 in the 
Morning; which granted, the Moon's _— to the 
South upon any other Phaſis, or at tiny intermediate . | 
may be eaſily gathered from the Figure, obſerving this Ge- 
neral Rule; when you fee the Moon at any Time of the 
Day or Night, obſerve how much of the Moon is light, 
whether on the Eaft or Weſt Side; and compare it as near 
as you can with the Figure, confidering to which Line in 
the Figure you ſuppoſe the light Part will reach, and ob- 
ſerve what Number is upon that Line, for that is the Hour 
at which the Moon will come to the Meridian that Day or 
Night ; as for Example, | aud | | 
- Suppoſe obſerve the Moon, and find her ſomewhat more 
than half light on the Eaſt Side, ſo that comparing the 
Moon with the Figure; I ſuppoſe the light Part to appear 
like the light Part of the Figure ; then I obſerve to what 
Number the light Part reaches, and I obſerve it reaches to 
the Number 5 ; and hence I conclude, that the Moon 
comes to the South about 5 o'Clock ; and becauſe the Light 
Part is on the Eaſt Side, I conclude it is at 5 in the Morn- 
ing ſhe will be upon the Meridian, | 
Again, Suppoſe I ſee her in the Evening, and the 
light Part on the Weſt Side, as near as I can compute, 
to be like the darker Part of the Figure, towards the 
right Hand, then obſerving how far the light Part ex- 


tends, 
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light Part is on the Weſt. Side, I conclude 
South at five in the Ev 
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ſhe v 
ening, Se. 
And thus as you chiare® the Maga.coes or. thiye Days 

n Weſt in the Evening, - 
with a very little Light on the — 
Computation may be ſuppoſed to the 
Moon's Body as the Figure 3, I been. 
upon the South that Afternoon and 
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the next Night you will obſerve 
and come towards the Figure 
South that Afternoon 
then parhaps 5 or 6 Days af obſerve the Light 
increaſed beyond half the Body of the Moon, 
the Arch N. 8. S. I conclude from hence, that 
is South about eight that me 
thod is not ſufficient to find the M 
ly to a Minute, yet it v of (ulficieat 
"the Tides, Where a Quartet of an Hour, or 
Half an Hour, make no material Error, it being gene- 
rally impoſſible to predict the Tides to the abſolute Ex- 
atneſs of a Minute, although you had the Moon's. 
ing exactly, becauſe. Winds, or Land Floods, &r. may 
alter the Tides, and few that have the Charge of a Ship 
will truſt to the firſt or laſt Scruple of the Tide ſor going 
into an Harbour, or out, but will endeavour, 
if poſſible, to have the beſt o the Lide, and to be any | 
for it againſt ĩt come, whether Ebb or Flood. 

The Moon's Southing being thus. ſound, the. nent 
Thing is to ſhew how thereby to find the Time of High- 
Water, at any known Port; and for an Help 
I have inſerted, a Tide-Table, in an Alphabetical Order, 
in which you need but find the Name of the Port, at 
which you would know the Time of High-Water, and 
againſt it you have a Number of Hours and Minutes, 
which added to the Lime of the , Moon's Southing, gives 
the Time of High-Water at hat Place that Day; as for - 
Example; 

Suppoſe I were lying before Tinmauth Bar, waiting . 
for half Flood to go in, I happen to ſee the Moon in 
the Morning, and I obſerve the Eaſt Side of the Moon 
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and conſequently the Fime of 


to be light, like the light Part of the Figure before ſpoken 
of, vis. It is by Computation ſo much above half the Body 


of the Moon, that the whole light Part reacheth to the 


Figure 5 ; and becauſe the Light is on the Eaſt- ſide, I con- 
clude ſhe is South at 5 in the Morning; then I look in the 
Tide-Table, in the Letter 7, and find Tinmouth and a- 
gainſt it I find 3 Hours o Minutes, which added to 5, the 
Time of the Moon's Southing, the Sum, which is 8 Hours 
© Min. is the Time of High Water at Tinnnurb-bar; fo 
that I find I may go in about 5, 6, or 7 O'Clock, with 
the Flood Tide, according to the Draught of Water that 
F 
Now it is not neceſſary, that you ſhould always have 
this Book or Figure about with you, for you may, with 
a very little Practice, get the Nature and Reaſon of it 
imprinted in your Memory, always remembring that the 
New Moon being with the Sun ſouths at Noon, and the 
Full Moon being oppoſite to the Sun, ſouths at Midnight. 
The Moon in the firſt Quarter is South at 6 in the Even- 
ing, ahd at the laſt Quarter is South at 6 in the Morn- 
ing. All the intermediate Times of her Age may be eaſily - 
computed according to the Figure, exact enough for find- 


ing the Time of High Water at any Port mentioned in the 


Tide-Table. | 2 ; | 
If any will object, that what hath been ſaid ſerves / 
only for finding the Time of High-Water, at Places 
mentioned in the Tide-Table, but no where elſe; I an- 
ſwer, that by this of _— the Moon's Southing, 
igh Water at any Port 

mentioned in the Table, together with a right Appre- 
henſion of the General Motion of the "Tides, as you 
have it ſufficiently deſcribed and illuſtrated, in the Be- 
ginning of this Section, you may be able to give a very 
ood Account of the Tide both at thoſe Places inſerted | 


2 ö 
in the Table, and at thoſe that are not, provided you 


know but upon what Coaſt the Places are, and how 
ſituate from ſome known Place expreſſed in the Table, 
and whether they are upon the Sea - Coaſt, or up ſome 
River, and the like; as for inſtance, ſuppoſe coming 
from the Weſt of England, up the Channel intending 
for Bulloigne, and not having a Tide-Table that hath 


the Port of Bulloigne expreſſed in it, I am at a Loſs to 
know 


— _ 9 "=. oP, 
* * 9 2 
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| Kio bow dhe Tide falls, (ſuppoſing it at New Mon.) 
Now ſuppoſe in my Tide-Table, I find Diepe and Din- 
kirk (Ports on each Side of Bullojgne) and upon Examina- 
tion I find it is I at Diepe, on the Full and- 
Change Days, at 9 Hours 45, Min. Again, I find it is High- 
Water at irt the ſame Day at 12 o'Clock ; now I 
conclude that  Bullaigne; lying betwixt . theſe two Ports 
hath alſo High-Water between theſe two Times, and not 
long after High-Water at Dice, as, if you look in the 
Table, you will find it is High- Water at 10 Hours 30 Min. 
at the Full and C ODS 

In like manner, if you obſerve the General Motion of 
the Tide to the Southward, along the Eaſt Coaſt of Ex- 
land, and to the Eaſtward, up the Channel, &c. you may, 
by knowing the Time of High- Water at any Port, very ea- 

ly compute the Flowing and Ebbing of the Tide at any 
adjacent Port, and with Allowance for deep Bays, or inland 
Rivers, you may very nearly determine the Time of High- 
Water at any deſired Port. 

But for Variety and the univerſal Satisfaction of all Na- 
vigators, I ſhall inſert another (though common) Method 
of finding the Moon's and Southing, by the 

in order to which you muſt firſt find the Golden Number, 
which is thus done. og 

Add 1 to the Year of our Lord, and divide that Sum by 

19, the Remainder is the Golden Number. 
2. For the Epact multiply the Golden Number by 11, 
and diyide the Product by 30, the Remęinder of that Divi- 
ſion is the Epact for the Year propoſecc. A's bn 

3. For the Moon's Age add the Epact, the Day of the 
Month, and the Number of the Months (as expreſſed be- 
low) together, and caft away 30 if the Sum exceeds ; the 
Total if under 30, or the Exceſs if aboye 30, is the Moon's - 
Age. | IRC 
4 For the Moon's Southing, multiply the 2 
by 4, and divide the Product by 5, the Quotient is th 

dur, and for every. 1 that remains add 12 Min, gives 
the Time of the Moon”s Southing. eee 8 

I be Numbers for the Months are 


021234 5 6 and 8 
8 10 and 10 theſe = the Numbers right. 


That 


| 07 the Tide. Chap, vi 
That is, 2 Feb 2, March 1, Apri 2, Moy 3, Fans hn 


5, Auguſt 6, Sept. 8, Oteb. 8, Nopemb, 10, Decemb. 10 
7 te, The E is here ſuppoſed to Hang the. wy & 


| 
anuary. 
: * 
8 % * 
* 
+ 


„ 
4 


10 #4 * «17 , 
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Evers N 
\ ky 


I deſire to be mY Time of be wur, at Dewich 
the 16th mY of Oftober 1722,” he 


K E | "ag 
— Add * = — K* ; bs © kh > 
Sum — WD 15 > 2 
The Quotient go is of no Uſe in this Caſe; the Re 
W Ted emenbtoeren to wn 
Te find the Epacr. 
The Golden Number 13 
3 by — — 11 
. ih 444 > 8 ; 
1 
"The Product 2 9700 
Remains the E 


Or divide the 2 Number (13 by 3, the 123 
der (1) multiply by 10, the Product Ae add to the Gol- 
den Number (13), the Sum (23) is the Epact. v8 


Her the Moor * 


N 
The Epa tk — 
The Nut umber for October 
The Day of the — — 16 
Sum — — — 47 from which abating 
1 o, the Remainder 17 is the Moon's Age required, the 
| 


oon changing the 29th of September as may be ſeen by 
the Table of the Moon changing immediat y following 


he de 
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For the Moon's Southing, 


Multiply the Moon's Age 17 by 4, the Product 68 di- 
vide by 5, the Quotient is 13, and 3 remains, viz. 13 
Hours and 36 Min. paſt Noon, or 36 Min. after 1 the 
next Morning, to which add 1 Hour 30 Min. found 
ut Berwick in the Lide- Table, the Sum 3 Hours 6 

in, is the Time of High- Water at Berwick, October 17, 
1722, in the Morning. id 

But becauſe the Spring Tides do not ſhift ſo much as the 
Neap —_ you may yet be more exact in uſing the Table 
annexed. 


The Uſe of this Table is very | Moors T Time 
eaſy, I ſhall inftance in the fore- | fe. H. M. 
going Example. = — 

Find the Moon's Age 17 under 1 161 © 
[Moon's Age] and againſt it in the | 2 171 
Column of [Time] you have: | 2 18} x 
Hour 21 Min. which added to 4 19 2 
1 Hour 30 Min. the Time found 5 20 2 
againſt Berwick in the Tide- Ta- 5 21 3 
ble, the Sum 2 Hours 51 Min. is 221 4 
the Time of High- Water requir- 8 234 
ed, differing from the former by 9 24 
15 Min. and nearer the Truth, 10 25 ? 
becauſe it allows for the different 1 25 7 
ſhifting of the Tides ;. but either [12 27 9 
way is exact enough for common [13 28] 10 
Uſe. A 114. 29 11 


CF Note, What is here ſaid of the Tides is meant as 
to their general Motion; the half Tides, quarter Tides, 
and Currents, being a Thing that depends ſo 
upon Experience, that it is in vain to treat of 
here. | 
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A large Tide-Table after a New Method. 


Sh My Ke 
Berdeen o 45 Baltimore 4 30 
| A Army I 30[Bree Sound 4 30 
t. Andrews 2 15|Bremen_ ny 
Amſterdam _ 3 o©|[Blackney 0 
Armentiers 3 o] Briſtol 6 o 
"Abroth - 5 15|Briftol Key 6 45 
Antwerp 6 o] Bridgwater 8 
Archangel 6 o Cape Blanco 1 
Abermorith - 6 o]Bulloigne 10 30 
Amazons River in Race of Blanquet 12 © 
South America” 6 © EG 
Aldborough ; $7". G 
| * 1 C AH. A. 
[CAPE Cantin 1 
| B H. MH. Barbary 1 
EACH ' © ofCalas wirbt 1 30 
| BY Ergen + Bur- am Vere I 30 
bary 0 © vet 3 o 
Blacktail Beacon © 15|Cork #: Ireland 4 30 
Blackneſs 1 30 * 
Z 3 
Berwick 1 30 Caldy 8 2 8043 
Bluet without 2 15 Carnarvan Bay 5 15 
Britain South Ca: 3 ©|Cromer 6 o 
Biſcay Coaſt. ĩ 3 0|Caskets without 8 15 
Bourdeaux River 3 ©; Cape Sierre-lion in 
Buchanefss 3 0 uiney 8 15 
Bona Eſperance - - 3 ©, Chamberneſs 9 45 
Bet 3 _45{Come 10 30 
Baſs without . 2 45|Caen intheFols 10 30 
\ Bridlington 3 45|Calais Road 10 30 
Bourdeaux River Calſhot 11 15 
within 3 45 Condado 8 
Brovage without 3 45 
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* 34 H. A. H. M. 
C D I Hees Head 3 O 
Unkirck - o ofFair Iſle 0 3 - 
Dover Port 0 Frith 4 30 
ort Deſire in Ame- | Falmou nm 4 30 
rica o oForn 5 15 
Downs 1 30 FG) 5 15 
Dundee 2 15 Foulneſs 6 45 
Denby 2 15 Tbe Fx 7 30 
Dort 3 . o|Friefland C, 7 30 
8 4 30 Florida in Carolina 7 30 
Dunga 4 30 Foreland North and 
Dartmourh” 5 15] South 9 45 
St. David's Head G6 ©]... 1 50 
B as 37 CTA SY 
Dunnoſe 9 45 G H. A. 
Diepe 9 45 Ibraltar Read © © 
Dunwich,. 9 45] F Graveling 'o o 
Dungeneſs 9 ,,45|Guernſey o 45 
over 10 30 Goree 1 
A {Graveſend 1 30 
Galicia 1 'Þ 
H. M. Gaſcoigne 389 
o o] Sroyne 3 0 
0 o Gorend 11 15 
0 r 
Enchuyſen 0 by T 
Edinburgh | 4 0 O 
Egmon 4 0 o 
Exwater 3 1 30 
Entrance of the Emes 7 3 0 
— 3 45 
% not? 6 — 
6 © 
Landers Craft ©,  o[Hamburgh 6 © 
F Fluſhing o 45 Hague 8 15 
inmark Coaſt 1 30 Harlem | 9 Q 
Fountney without 2 15|Havre de Grace” 9 © 
O 3 __ Harwich 
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* H. .I H. A. 
Harwich ' 10 30St. Mark 2 15 
St. Hellens 10 EI Matthew's r 3 45 
FE... IMount's Bay * 4 30 
— — mmm — of 5 15 
1 H. Dee 3 15 
St. Maloes 15 
T 22 Wh 
Ireland W. Coaſt 3 © Mecknel's Cel, 3 18 
Ireland South Cogff 5 15 Me « N. aft 2 
n 10 30e 0 21 * 
Margate 15 
1 N "HM y 
Entiſh Knock o ol Ewport in the 
Killiars, , 3 Iſle of Wight o o 
inlake in nd 4 ES re Weſt End o © 
Kildunn 7 o North C. Maggero 3 0 
| 2 af — River without 3 © 
1 Newcaſtle 5 15 
n L H. A. St. Nicholas in Ruſſia 6 45 
T Isbon 2 15 Needles "FF 
| St. Lucar - 2 15; Normandy Coaſ® 10 30 
London 3 ONaze | 11 15 
Leith 4 30 1 
Lawreneſs 4 3ol” * 
5 without s 181 0 · 
5 15 Rkneys 0 
Lynn 8 0 Orwell 5 0 
Lanion 6 45 Orſordneſs 9 45 
Landſend 7 30 r 
Lizard 3 30 — 
Lam 15 P H.M. 
Le 9 45 Ortſmouth oO o 
* 9 5 F Poi South 
— 1 1 
1 E 5 I pens 3 „8 
| M H. M. Porthus 2 -D 
AZE within o 45 Portugal Coaft | 3 0 
Malden 0 45 Plymouth ky 
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N £ | HM| . 3 H. M. 
St. Powls 6  o|[Severn 4 30 
| 4 30 
3 3 
| I 15 
©) 
6 45 
6 45 
9, 0 
9 © 
9 45 
10 30 
10 30 
1 H. M. 
O o© 45 
1 1 38 
*. 1 30 
3 2 2 
3 23 
3 22 
2 | 
Ra 5 9 45 
Rye II CY 
Rhodes II 7 
U EA 
3; 2 AT 
H. M. Uſe 3 o 
HOE 3 O U nt without O 
 Sheerneſs ol st. Vallery 10 30 
— ve 98 3 2” 
uthampton 6 © 
Spits © © W H. A. 
Shot land 3 o©o| JSLEof Wight o o 
3 # 3 45 W mchelſea o 45 
Scarborough 3 45 Weilands 1 30 
Sound 3 45 Whitby 3 0 
Staples 3 45 Waterſord in Ireland 4 30 


Wey- 


n 3 TERA * 
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H. A. 4 4x36 H. M. 
| ©. Yartabuth Road 8 16 
Wells 6» Tarmputh. Pi- 9 
Weymouth Ky 6 45 [Yarmouth Tun 9. 
Wieringham 7 5 Varme „ 
Winterton 3 . n 
. Y H. M. 7 Ealand Coat 1 30 
| XK 7 Oughall in lr: | £7 Zeiericke Zee 3; 
you Le 


LK: N 
9 * 


The Uſe of this Tide · Table is the ſame as in other Tide- 
Tables; for when you deſire to know the Time of High- 
Water at any Place mentioned in the Table, you need but 
look in the r that the Name of the Place begins with, 
and there having found the Place you want, ſee what Hour 
and Minute ſtands againſt it, which being added to the 
Hour and Minute of the Moon's coming to South, the um 
(abating Twelve Hours, if it exceeds) is the Time of High- 
Water. at the Place propoſed that Day, -—— Example ; I 
deſire to know what Time it will be High-Water at Har- 
wich, March the 16th, ,1724, I look in the Letter H, and 
find Harwich, and againſt it 1o 30, which added to 
the Moon's Southing that Day, the Sum is 14 38, from 
which caſt away 12, the Remainder is the Time of High- 
Water: Of which ſee more in the Explanation of the fol- 
lowing Table of the Moon's Changing. 


The Uſe of the following Table of the Moon's Changing 
is ſo eaſy, that it needs little Explanation ;' for find. the... 
Year in the firſt Column on the Left-hand, and the Month 
at the Top, and in the common Angle you have the Day 
and Hour of the Moon's Changing that Month. © 

Note, m. ſtands for Morning; a. for Afternoon. © Ex- 
ample ; I deſire to know the Moon's Changing in June, 
1740: Find 1740 in the Left-hand Column, and againſt . ' 
it under June, you find 13 2 m. that is, the Moon 
changes June 13 at 2 in the Morning; and where you 

find two Numbers againſt one Year, and under one 


Month 


14 Table of the Moon's Changing for 15 Years, - » 
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Fandar7 J Febtu. March 
5 

P. E. ID. EI p. K. 
LM Tom, ir 3m I 77 Noon] 8 2m 
29" 3a |29 aqm 29 ga 12 28 aim 26 7a 
19 3m [1 _ x 18 zm 16 42 16 Fm 14 $a 
7 72 zm ain 2m 5 IIim 3 11 2 
26 104 |25 zm 26 42 [24 12a|24 jom| 22 72 
16 om an“ 16 10m 1 34114 am 12 3m 
47,4 zm * 92 3, mf 2 62 * * 
23 8m (22 2m| 23 zm 22 ,+8m[21 Em 20 2a 
12 8m ii 2m — hou 11 omi zm 9 32 
i 11. | I | M48 
31 — Noow Þ 34 32 . Nr 
20 Noon 19 2m| 5 9 % 18 8m 11a 16 3a 
9 im 17 14 8.112 : 7 Noon“ 7 2m] 5 4a 
28 4m 26 224 27 11a 26 10m * gm 
17' 94 6 6m 17 42 15 11405 8m 13 Ga 
Low ry LC | e 2 8m 
e 

D. H. | D. H. |. — DH. Ip 

| 7 2m 5 Midn:' "pt! gm 3 Ta 4: 
26 gm | 24 ga 23 Nr 22 8 4 21 
14 11m, | 13 Im i ba 11 zm | 9 
3 1. Jai IN 30 Noon 30 zm 28 
22 5m 20 9 ) Ness 19 "TE 
It $a 10 zm 8 3 8 7m |7 
29 3a 28 Mid. 26 Noon AGA 
19 Im 17 4a ii ga 1s; 10m 113 Midn 
9 im LEES EE ks. BE 
27 10 a 26 8m 24 Qa 24 3m 22 
16 6m 14 94 [13 7m 12 7a 11 
5 8m 3 10 2 2 2 a - 7415 
23 11a 22 3a zi 8m 20 Midni. 19 
13 4m | 1 5a * 8m 9 Midn. | 8 

| . dif 29 Noon 28 zm 27 92 26 
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the Moon changes twice in January 17 30, viz. t 
Day at 1 in the Morning, 40 the Thity-Grſt Day at 8 in 
the Afternoon, and ſo in the reſt: From hence you may 
eaſily find the Moon's Age, and her Southing, and conſe- 
quently the Time of High- Water at any Port mentioned in 

| | Jy 


know what Time it was High-Wa- 


; Example. I would | 
ter at ich, March 10, 1733. I look for the New | 
Moon next before, and I find it was March 5, and 
hence the Moon on March 10 is 5 Days old, which 
multiplied by 4, and the Product 20 divided by 5, the 


1 Quotient is 4 for the Moon's Southing, or 4 Hours oo 


Minutes after Noon, to which add 10 h. 30 m. the Hours 
and Minutes ſtanding againſt Harwich in the Tide -Table, 
the Sum is 14 Hours 30 Minutes, from which caſt 12, 
Remainder 2 Hours 30 Minutes, is the Time of High- 
Water at Harwich required. Feen 
Mete, If the Moon be leſs than 15 Days old, look for 
Her Age the Day propoſed to find her Southing; but if 
more than 15 Days old, look for her Age the Day before . 

(or abate 1 from her Age the propoſed) and then - 

work as before, becauſe when the Moon is above 15 Days 
old, ſhe comes to South above 12 Hours after Noon, 
which may more properly be called next Morning, and 
conſequently if you abate 1 from her Age found when 
above 16 Days old, the Southing found from thence is 
properly her Southing for the Morning of the Day pro- 
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| AVING thus learned to find the Variation, and 


1 to work an Obſervation, and alſo to reckon your 
| Tides 
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Tides with other Things neceſſary to be known, and 
having as Maſter, Mate, or Pilot of a Ship, taken your 
Charge for any Voyage, and having your Log-Line, 
Glaſſes, and other Things in Readineſs, you 
mull provide a Log-Board ruled as you ſee in Fig. 62. 

FT ben having ſet Sail, and got from the Shore, and out 
of the Set of the Tide, obſerve how the Land bears from 
you that you intend to take your Departure from; and alſo, 
as near as you can, compute the Diftance you are from it, 
and then that Courſe and Diſtance pricked off upon your 
Chart gives the true Place of your Ship when you begin 
your Reckoning. elt Fan 
This done, having ſettled your Watches, and ordered 
a Man to the Helm for two Hours, let him obſerve care - 
fully what Courſe he ſteers by the Compaſs, or if he be or- 
dered to ſteer upon any given Courſe, let him take care 
to mind it, and at the end ef two Hours let the Mate 
heave the Log, having one attending him with the Half Mi- 
nute Glaſs, let the Mate over-haul off the Line, (havin 
firſt caſt the Log with a few Fakes of Lines into the Sea 
till the Red Rag come to his Hand, and at that inftant cry 
Turn ; the Man with the Glaſs, juſt upon that Word, as 
the Red Rag goes away, turning the Glaſs, and watching 
diligently : When the Half Minute Glaſs is juſt out, the Man 
that holds the Glaſs, cries Stop; whereupon the Mate ſtops, 
and hauls in the Line, obſerving exactly how many Knots, 
half Knots, and Fathoms are gone out, and ſets it down 
upon the Log-board, againſt the Hour at which the Log 
was heaved, and thus proceed every two Hours all the 24 
Hours, and then the Log-board will be full the next Day 
at Noon. ——- Then having a Log-book ruled every 
Page, like the Log-board, with the Day of the Month at 
the Top, take off the Log into your Book, and rub out the 
Chalks upon the Board, ſo is the Board ready for the next 
Day. TI ſhall inftance in a Voyage from a Place in Lati- 
tude 54 8 North, to another Place in Latitude 57 50 
North, and Difference of Longitude 8 30 ſet Sail Augnff 
24, at Noon, and running that Day as by the Log fol- 
lowing. 

3 


4 


4 
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3. Note, Any 24 Hours Log, from Noon to Noon; is 
dated by the Day upon which it ends, and not upon 
the Day upon which it begins; then if we ſet fail Auguſt 
24, that e way 6's ny Gy. 
Ec. 


The Ship having run every two Hours as you ſee in the 
Log on the other fide, add up all the Knots together, the 
Sum 47 being doubled (becauſe you heave the Log but every 
two Hours) is 94, to which add the 4 balf Knots, which 
in this caſe are accounted as 4 whole Knots, becauſe they 
are alſo doubled: The Sum 98 Miles is the Diſtance run 
that Day. The Courſe is N. E. but becauſe there is a 
Point Variation Weſt, the true Courſe is N. E. by N. 
ET oy down under the n good 98 Miles 

b 

Then find in the Traverſe Table your Northing . 
Eaſting, ſor that Courſe and Diſtance, and ſet it in the 
blank Space on the Right-hand as you ſee done. | 

The Northing 81 5 Miles or Minutes added to the La- 
titude failed from 54 Deg. 8 Min. the Sum is the Latitude 
come to 55d. 29m. (the 5 which is placed after the 81 be- 
ing but a Decimal, or half a Mile, b be Wee 
which ſet alſo down as you ſee. 

For the Difference of Longitude you may: find it by the 
Traverſe Table, the Middle Latitude being 55, its — 
2 35 being found, and under it in the Column 
of Departure, find the Departure, or Eaſting 54. 4 or: 
the neareſt to; and againſt it, in the Column of Diſtance, 
you have. 95 Min. or 1d—35 min, for. the Difference 
of nee, made that Day, all which ſet dawn as you 
ſee. 


Nov to find where your Ship is, in the firſt. or laſt of 

the Charts before-mentioned, which are all made for 
this Voyage: And firſt for, the firſt particular Chart; 
Set off 98 Miles from 4, upon a N. W. by W. Line, 
it will reach to the Point a, the Place of — Ship re- 
quired ; or take the Difference of Latitude made that 
Day 81. 5 in one Pair of Compaſſes ; and the Departure 


er Eaſting 54. 4 in another Pair of Compalles; then with 
one 


. 
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IN. . Weſt — 1 Point Wen 
— 2 Northing — 81.5. 
4 Eafting 54.4 
Dr — Lat. come to 554. 20m. 
4 1 Diff. Longitude— 1. 31. 
8s || k: A woo 
I 
„e 
120 5 | q 
== 3 ws 
LE 
6 4 . | 
J 3 1. | 
10 3 1 
ELLE! 


Made good 98 Miles North Ea EXE y North, Dull” 


— 


one foot of each pair of Compaſſes in * run that in which 
= have the Difference of Latitude along the Eaſt and 

eſt Line 4 C, and that pair in which you have the De- 
parture along the North and South Line 4 B, the Move- 


able Points will fall in @ as before. 


To find where the Ship is in the Mercator's Chart, 
take the Latitude in one pair of Compaſſes thus; ſet 
one Foot upon the Line à d in the Latitude come to 55 
29, which is at the Point , and extend the other to any 


Parallel, as ſuppoſe the Line 55 55 3 then. after the 


ſame - Arad take the Longitude in your Compaſles, 
running them parallel to any an and South Line, the 
meeting 


* 
; .— 7 


" of the Ship required————Nate, The Place of the Shibay. 
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meeting of their moveable Points, wiz. at x, is the Place 


x, in the third Chart is found- 
NG OI IO 


either of the two Metin 


o 
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How to keep Account of a Ship's Way upon a 


abroad, and her Yards ſharp braced, and is com- 
y ſuppoſed to be within fix Points of the Wind with 
Lee-way, according to the Sail ſhe carries, viz. 


All Sails ſet ——— 1 Tay: 55 Mainſail 


A Top ſail in — | 
＋ il 7 ; 


a 
Sea ——— 3 Points Lie a Hull, all 
Try under Mainſail furled ——— 7 

and Mizen —— 4 8 ; 


A is faid to ſail upon a Wind, when her Tacks are 


According to theſe Allowances of Lee-wa „I ſhall work 


the following Examples; nevertheleſs, in Practice, Lee- 


way muſt be allowed according to Judgment, for ſome 
3 more Lee- way than others, with the ſame Sail 
be | 

This Example, Augu/# 26, hath two Courſes, which 
muſt be reduced to one by the Rules for working a Tra- 
verſe by the Traverſe Table. The firſt Courſe is N. E. 
by the Compaß, but by the Variation allowed, viz. one 
Point Weſt, it is N. E. by N. but the Wind being N. 
N. W. viz. within fix Points of the Courſe, we muſt 
allow one Point Lee-way from the Wind, which briogs it 
again to N. E. 

For the Diſtance, add up the firſt ſix Number of Knots, 
during-which time ſhe lay upon that Courſe, the Sum 21 
doubled, and the two half Knots added, makes in all 44 
Miles N. E. for the firſt Courſe. * 


* us, J F . L 
z * 


1 — * 5 Nn 
9 ——_—_. P 3. 5 2 
22 - ao. * 5 * 
, 
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The ſecond Diſtance by the ſame Rule, is 39 Miles, the 
Courſe by the Compaſs N. W. but a Point Variation Weſt 
make it N. W. by W. and a Point Lee-way, which is alſo 
Weſterly, makes the. Courſe made good to be W. N. W. 


the Diftance 39 Miles, 
| Courſe Dif. North | South | Eaft 
NW 14— 
$5 | 46 | 

[0 | 3 


the ſixth of Plain Sailing, by the Traverſe Table, the Di- 
ſtance made good is 46 Miles North, 6 Degrees Weſt; all 
which ſet down as in the firſt Day's Work : Then add this 
Day's Northing to the Northing got before, the Sum 127 5 
is the Total Northing. Alſo ſubſtract this Weſting 4 9 
from the Eaſting got before, the Remainder 49 5 is the 
Total Eaſting, both which ſet down as you ſee ; alſo by 
adding 46 Minutes to the laſt Day's Latitude, the Sum 
56 15 is the Latitude come to. 

The Difference of Longitude is 9 Min, which becauſe 
it is Weſt, it is to be ſubtracted from the itude the 
Day before, znd the Remainder 1d. 22m. is the Longitude 
come to, | | | 

Now to find where the Ship is, upon the firſt and laſt 
Charts, take the Total Northing in one Pair of Compaſſes, 
and the Total Eaſting in another Pair, and proceed as be- 
fore from A, the Place failed from, it ſhall produce the Point 
e, for the Place arrived at: Alſo in the ſecond, which is a 
Mercator's Chart, find the Longitude and Latitude come 
to by the Method preſcribed in the firſt Day's Work, and 


their Meeting or Interſection is at the Point e, the Place 


of the Ship required. | 
Note, In the firſt and laſt Charts you may ſet off one 
Courſe and Diſtance, by another, as in Traverſe Sailing 
Geometrical ; but 1 ſhall not inſert that way, left it too 
much confuſe the Draught, * 8 


1 a — | Chaghvir? 


* , ; ' | A i 2 4X} 


1 E A 25 1714. 1 | 
; 2 : A Virizzon I Point Weſt, 
OR e Northing - 15.7. 
43 Weſting - 4:9: 
pond Fd Total Northing 127:2. 
| 6 4 Total Eafting 49.5. 
TS Eh Latitude come to 56. 15. 
8 4 Diff. Longitude o. . W. 
—— Long. come to 1.31. 
— . 
12] 4] . 
23 
12 | 


1 Rue 
Made good 46 Miles North, 6 SI EE 


How 2 to correct a "WR by an Obſervation, | 


N the following Day's Work, Av 27, there is 
made good 116 Miles; the Courſe, with Variation al- 
low'd, is N. E. by N. and the reſt as you ſee found by the 
foregoing Method. 1 
It is needleſs to give any more Examples of allowing 
for Lee-way or Variation, the Rule being the ſame when 
Lee-way is 4, 5, 6, or 7 Points, as when it is but 
one Point, only minding to allow as much as it is, and 
= right Way. Thus if a Ship lie North with Wind at 


E. N. E. and 6 Points Lee- way, ſhe makes her Way good 
at W. N. W. SG. „ 
My Reckoning at Noon, Auguſt 27, brings me into La- 

titude, 575 51; but by Obſervation, which 1 muſt pre- 
fer befote the Dead Reckoning, I find I am in Latitude 


7 » 34. Now to correct the Reckoning by an Obſervation, 
ſerve this General Rule. wok 


If your Dif- more | than.the Depart. the ¶ Log of Dift. 
ferenceof | 3 ? Fault is more likely 
Latitude be C leſs J. to be in the Co. or Courſe 


The Reaſon of the General Rule above, is evident 
from. the Figure; for ſuppoſe a Ship at 4 

fail, South Eaſterly, till by his Reckoning he Fig. 63. 
is at C, or in the Latitude of the Parallel B C, | 
but by Obſervation he is in the Parallel of Latitude D, E, 
F: Now if we will ſuppoſe his computed Diſtance C 
to be right, ſweep the Arch 4 C till it cut the Parallel 
DF in E, and make AF equal to A C: Now by this 
means the Line AF is the Line deſeribed by the Ship's 
Motion, whereas we thought it had been the Line 40; 
but it is abſurd to think that any ſhould be ſo far miſtaken 
in their Courſe as to fteer from 4 to F, when he thought 
he had been ſteering from A to C; and therefore we muſt 
impute the Fault to the Diftance, ſuppoſing that the Mi- 
ſtake lies there, and that when he thought he had ſteered 
from A to C, his Reckoning was a-head of the Ship, and 
that when he ſhould have been at C he was only at E, 
the Space E C being but a tolerable Miſtake in the whole 
+). » - Sa oY 8 
But in a more Eaſterly (or Weſterly Courſe) ſuppoſe 
a Ship ſail from A till his Courſe and Diſtance by Dead 
Reckoning is repreſerited by the Line 4 J, and the La- 
titude come to by the Parallel G 7, but by Obſervation 
he is in the Parallel of Latitude HLX: Now if he were 
ſuppoſed to keep a right Acount of his Courſe, -and 
the Fault to be in the Diſtance, we muſt continue the 
Line AT till it cut the Parallel HK, and allow him 
to be the whole Diſtance 5 miſtaken in his Account, 

| X which 


- 
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TH c II E. F. Gourle W 4 7. 77 f 
| JE I Wo E. Weſt | Vari Nee, 1 Pome Web: 
1 —1——.— — — 96.4. 
440 | U 1 4 Weng ie 17 
— — ——— > Total Northing 1 . 
614] 1 | I Total Eafting 
— 1 —— La tude compic 47! 5 

8 5 | | 1 | Dif Long. af 1.53. 
— — —— | Long. come to 35. 
ws if |_| | 
— ——————— Lat. byObſerv. 57 
. eee 
r — Tot. North. cor, 206. g. 
| Long. come thor, 2.9. 


* 
_— 
— 


L. 


110 


121 4 


Made — r — Mis Nor EF T North. *— TE 


which is abſurd, a therefore impute che Miſtake to the 
5 K ; and then with one Foot of the Compaſſes in 

4, with the Exteot A 7 deſcribe the Arch IL, and draw 
the Diftance 4 L equal to A4 J, and ſyppoſe that when he 
thought he had failed along the Line 4 he had indeed 
failed along the Line IL, the Angle 1 A L being a much 
more tolerable Fault in the Ces, than the Baan 1X 
could be ſuppoſed to be in the Diſtance. 

Mete, If you fail in a Curtent you may eaſily be etolly 
miſtaken, either in Corſe or Diſtance; but of that ee 
more at the latter End of this Book. | 
New in this Example the obſerved Latitude Aug. 27. 
differs from the Latitude by Reckoning the — 
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of 17 Miles or Minutes, and becauſe the Total Northing 
is more than the Total Eaſting, I impute the Fault to the 
Diſtance by the Log, and then it is corrected by this Pro- 


"As the. Tot Northing 223.6, to the Total Eafting 
ſo the Error in the Northing 17 to CI in 


113. 
the Exfting 8.7 neareſt. | 
113.9 or 8.7 Miles neareſt, to be 
17 223.6) 1936.308214 ſubtracted from the Total 
— 45 Eaſting 113. 9 the Remain- 
797.3 der 105.2 is the Total Eaſt- 
1139 ing correct. 
1936.3 


The Reaſon of this Proportion is evident from the 
Diagram ; for in. the Triangle ABC, as 1. 4 
Northing by Reckoning 4 B, to the Total Eaſting by 
reckoning BC, ſo the Errot in the Northing 224 
the Error in che Eaſting ing qc; for the Sides of the Tri- 
* C, and E gc, are proportional; by Euc. Lib. 

rob. 4. 

Then to correct the Longitude; As the proper Diffe- 
rence between the Latitude by Reckoning, and the La- 
titude by Obſervation, to the Meridional Difference be- 
tween the ſame two Latitudes, ſo the Error in Departure 
to the Error in Longitude, that is, as 17 to 32, ſo 8.7 
to the Error in Longitude. 


32 „ Minutes, (Pes the Fraction, 


8.7 being but a Fraction of a Minute) 
— = % do be ſubtracted from the Longi- 
22:4 © — Dead Reckoning, the Re- 
256 19 35 is the true Longi- 
are | — Correct by Obſervation. 
278. 4 


But in caſe your Courſe be far Eaſterly or Weſterly, 
and the obſerved Latitude difters from that found by 
the Dead Reckoning, it is beſt to correct only the Lati- 
tude, reducing it to the obſerved Latitude, and not to 

3 meddle 
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meddle at all with the Departure or Difference of Longi- 
tude, becauſe the Error is too ſmall; as in the foregoing 
Figure the true Departure HL differs ſo little from the 
Departure found by dead Reckoning G, that it is not 
worth while to correct it, unleſs you have ſome certain 
Obſervation of Longitude to correct it bz. 
When you have thus corrected your Latitude, Depar- 
ture, and Difference of Longitude for this Day at Noon, 
as here Aug. 27, and proceed to the next Day's Work, 
add the next Day's Nortbing to the Northing correct this 
Day, to find the Total Northing next Day, and not to 
the Northing found by dead Reckoning; and do the ſame 
alſo with the Departure and Difference of Longitude, not 
regarding that found by Reckoning; and ſo proceed as 
before; and when you get another Obſervation to correct 
your Reckoning by, add up only the Northi g and 
Eaſting made good ſince the laſt Obſervation, and not of 
the whole Voyage, and ſo correct again according to this 
Example. | | 110 
No for ſetting off that Day's Work, Aug. 27, upon 
each Chart, the Methed is to be uſed that was before 
directed to, and the Point EZ in each Chart, ſhall repre- 
ſent the Place of the Ship, Auguſt 27, at Noon. | 
Nov if you deſire to know the Courſe and Diſtance 
from the Ship to the Place propoſed, it may be done 
eaſily and exactly upon the two laſt Charts, and chiefly 
upon the laſt of all the three; for in it you need but 
ſet one Foot of the Compaſſes in the Point Z, where the 
Ship is, and the other Foot in the Point B, the Place 
bound for; that Extent applied to the graduated Line 
B D, accounting every Degree 60 Miles, and every 
* 10 Miles, gives the true Diſtance required 
53 Miles. | 1 
* the ſecond Chart, which is according to Mr. Hright's 
Projection, commonly called Mercator's, if you uſe the 
Method which you have there preſcribed, for finding the 
Diſtance of any two Places upon a Mercator's Chart, geo- 
metrically, you will find it exactly agreeing with the for- 
mer, vis. 53 Mile. | 
For finding the Courſe, the Method is the ſame in 
both; for the Rumbs are right Lines, equally divided, 


Re lee 
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or at equal Diftances in both Charts; therefore if your 
Charts have the Rumbs upon them, obſerve which Rumb -. 
a Line drawn from the Ship to the Port would be parallel 
to, for that is the Courſe required; but if you would ſtill 
be more exact, you may find the true Courſe and Diſtance 
from the Ship to the Port, by Caſe the Sixth of Mercator's 
Sailing Trigonometrical thus, (having bota Latitudes and 
Longitude give.) | 


Lat. Long. 
The Ship when correct by Obſervation is in 57.34 3 9 
— The Port bound for is in 57.50 8 30 
Proper Diff. Lat. 16. Merid. Diff. Lat. 30. 4 
Diff. Long. 5. 21 or 321. 
As Merid. Diff. of Latitude 30 1.47712 
To Radius, | Io. ooo 
So Diff. of Longitude 321 2.50650 
To Tang. of the Courſe 84.40 11.02938 
Then for the Diſtance. | 
As Sine Comp. Courſe—SC 84.40 896825 
To proper Diff. of Latitude, 16—120412 
So is Radius * 10.0 οο 
To the Diſtance | 172 2.23587 


. Courſe is North 84.40 Ealt, and the Diſtance 172 
iles 

But here we may ſee the intolerable Error of the Plain 
Chart, the Ship being at z, and the Port bound for at 
the Point O, the Extent between them being applied to 
the graduated Line 16. 16, and allowing 60 Miles to 
each Degree, gives a Diftance vaſtly too great from 
the Ship at = to the Port at ©, a moſt unſufferable Er- 
ror, 

I know it is objected by ſome, that notwichlnading 
what can be faid againſt the Plain Chart, it is ſtill the 
moſt uſeful and frequent among us, witneſs a great 
Part of the Charts and Waggoners that are now extant, 
both in Dutch and Engliſh, and if the Plain Chart was ſo 
groſly falſe in ſo ſhurt a Voyage as between the 
two Places before propoſed, it would ſeem that thoſe 
Plain Charts and Waggoners ſhould not be ſo much 

3 encou- 
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encouraged, or being uſed ſhould not anſwer their End ſo 
generally well as they do. ern te 
Lanſwer, I take it for granted that thoſe Charts are 
not grounded upon that Projection, that the Degrees of 
Longitude and Latitude are every where equal, as thoſe 
commonly and properly called Plain Charts are, (ſor we 
find no ſuch Thing as Den of Longitude upon them) 
but they are projected on the ſame Ground that my Third 
Chart, before inſerted, is grounded upon, viz. The true 
Courſe and Diftance from Place to Place is found, either 
by the Latitude and Lopgitude according to Mercator's Sail- 
ing, as I have directed in the Projection of that Chart, 
or elſe the Courſe and Diſtance from Place to Place is 
found by Experience ; thoſe that have failed there obſerv- 
ing diligently what Courſe (with all proper Allowance 
for Variation, &c.) and alſo what Diftance carried them 
from one Place to another ; and thus camparing their 
Obſervations of that kind with the Obſervations of 
others, and correcting their Obſervations hy their Ob- 
ſerved Latitude, Sc. And thus one obſerving in one 
Place of the World, and another in another, and theſe 
Obſervations being compared, and the moſt agreeable cho- 
ſen out and collected, may probably have given Riſe to our 
large Waggoners now extant, which, though in Form of 
Plain Charts, yet in that Caſe muſt needs be true, and to 
be depended upon : For although the World is Globular 
and not Plain, yet it is evident, that what is once the 
Courſe and Diſtance between any two Places, ſhall alwa 
be the Courſe and Diſtance between them. As for 
Example, Suppoſe, after all Allowance given for Varia- 
tion, Lee-way, Currents, Oc. I find that a N. E. by E. 
Courſe 240 Miles, or 80 Leagues, carries me from Bucha« 
neſs to ſome known Place on the Coaſt of Narway ; it is 
certain the ſame Courſe and Diſtance made good ſhall al- 
ways do the ſame; and therefore if that Courſe and Di- 
ſtance was laid down upon any Chart between theſe two 
Places, I might ſafely depend upon that Chart for my next 
going there. 
Indeed it may be objected, Who can tell how to al- 
low fo exactly for Variation and Lee-way, but _ 
* 


ally for unknown Currents, as to depend upon thele 
Reckoning for the true Courſe and Diſtance from Place 
to Place. 


| I anſwer, I agree to that; Rl get hen, tam there, or 
more Ships fail upon the ſame oyage, and find their Ac- 
counts fiearly to agree, this may make them ſomewhat 
more cohfident of their Reckoning, and of the Truth 
of it; and this I take to be a Reaſon of the Improve- 
ments that are yet daily made in Charts and Waggoners ; 
theſe Charts and Tahles of Latitude and Longitude which 
are of 'a latter Date, having doubtleſs, attained nearer 
the Truth by a greater Confluence of Obfervations, and 
thereby differing more or leſs from theſe of more an- 
cient Date, both in, Latitude, but chiefly in Longitude 
of Places; which Difference we muſt impute to our at - 
taining nearer to the Truth, and to Miſtakes formerly 
committed, the Places themſelves remaining fixed and 
>>" "hyp as to their Situation upon the Surface of the 
art li. | 

From what hath been ſaid it will follow, that it is not 
neceſſary to diſſuade any Mariner from the Uſe of thoſe 
Charts and Waggoners now in Print, but it is rather an 
Encouragem«nt to uſe them, and truſt to them as very 
good Helps ; but let not this be an Inducement to Perſons 
that have bad plentiful Experience of the Truth and Suffi- 
ciency of thoſe Charts and Waggoners, preſently to de- 
cline the Uſe of them, and fall to Work to make ts of 
their own, and truſt to them, if they have no other Way 
for it but that Hypotheſis of ſuppoſing the Degrees of La- 
titude and Longitude to be every where equal (which I 
have ſufficiently proved is not the Ground of the Projection 
of thoſe true Sea-Charts now in Uſe) the abſurd and into- 
lerable Falſhood of which Hypotheſis aforeſaid, I have ſuf- 
ficiently proved and demonſtrated. 

Note, Whereas in the Examples before-going, in the 
three Days Works of keeping a Reckoning, I did for 
the more Expedition find my Difference of Longitude 
by the Taverſe Table, by the Rule there delivered for 
that Purpoſe ; but yet if your Voyage be long, or near 
the Pole, where the v_ of Longitude grow a—_ 
ty 4 le 
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Heſs, you may, if you diſtruſt the Truth of this Meth 
examine your Longitude once in three or four Days, by 
this Propoſition following. 

The Ship having failed from Latitude 54- 8. to Latitude 
$7. .34, the proper Difference of Latitude is 206, and the 


eridional Difference of Latitude is . and W 
made good is 105. 2. 


8 * 
Therefore As * Diff. of fat * 355 — 7.68614 


To Merid. Diff. of Lat. 368 2.56584 
So Departure 105.2 —— 2.02251 


— ———— 


To Diff. of Longitude 188 -—— 2.27399 


+ Difference of Longitude 188 Min. or 3 Deg. 8 Min. 
the Longitude come to, differing but one Minute from 
what is found by the Traverſe Table, although that is 
found at three Operations, 

And now, ſeeing I have in the former Part of this Book 
laid down Methods for the Working the ſeveral Caſes and 
Queſtions in Navigation, and keeping a Reckoning both 
in Longitude and Latitude, not only by given Numbers, 

which I have called Arithmetical Navigation, but alſo wit h- 
out any Books, Tables, or Inſtruments, by a New Method 
never yet known, nor publiſhed, Iſhall inſtance in the firft- 
Day's Work in both Ways of Operation, it being too tedi- 
ous to inſtance in all the three Day's Works, eſpecially ſee- 
ing there are ſufficient Examples given of each Method elſe - 


where; and firſt by the given Numbers in Arithmetical 
Navigation. 8 


The Courſe that Day is N. E. = N. 98 Miles, 


The given Number for three 5 Diff. Lat. is —— $315 
Points to find Departure i — © 5 


For 


184 | 490 | 
— 490 | 
81]34 Diff. Lat. 81.3, 

It ſhould be 8 1.5, but the] 54390 
Error is only +43}, and is oc- . A 
caſioned by omitting the two avs © 
laſt Figures of the given — 
Number. 2 | " 


Difference of Latitude 8 1.3, or 1 Deg. 21 Min FELL 
the Latitude come to is 55 Deg. 29 Min. | 


For Difference of Longitude, the Middle Latitude is 

45-48, but the next greater whole Degree is 55, whoſe 

iven Number in the ſecond Table is 57 35, but I ſhall on- 
y uſe the firſt two Figures 57. 


55 The Diff. of 
ä Long. 95m. 
or 1d. 35m. 


Departure with Cyphers $57)544-(95 the Remain» 
Given Number, or Diviſors 310 der being but 


— a Fraction of 
25 a Minute, we 
| reject it. 
The ſame Day's Work caſt up by the New Method. 
. TheCourſe 33. 45 or 33H, the Diſtance 98 Miles. 


For the Natural Radius for 334 Deg, by Method the 
fecond, they that can work by croſs Multiplication, 
need not reduce the Fraction to a Decimal, but ſquare it 
as follows ; 


— 


33 
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33104 60.7 to 98 : fo 33 2 to Depart. 
| 33k] 337 
1 — | —— 
33 by 33 is—1089| 294 | 
2 of 33 l$——24+ 2943 
The ſame again 244 7 60.1)3307.0(54-4 
+ of ⁊ we reject. — 272.0 
— INN £2 3307 292.0 
11384 | 
n | | 492 
For Diff. Lat. by Rule the Third 
3.4154 Sum of the Sides 1534 
57.3 [Diff. of the Sides 436 
Nat. Rad. 60.7 | 9144 
4572 
6516 
64 Noot of the 
— Product and 
1610244 Difference of 
161 Latitude re- 
— quired. 
183 


For Difference of Longitude, the Complement of Middle 
Latitude is 35, its Natural Radius is 61 : Therefore as 35 to 
54-4 ſo 61 to Difference of Longitude. 


54.4 | 
Gx 3503389455 or 95 Minutes, or 1 Degree 
| I 


— 55 Minutes, the Difference of 
54.44 — ngitude required. 

3264 28 

3318.4 


And thus you ſee the Excellency and Uſefulnefs of this 
New Method, by which, although by Streſs of 8 or 
| Cruelty 
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Cruelty of Enemies, you had loft all Charts, Books, 
Fables and Inftruments, yet you may without any of them 
keep as juſt an Account of your Ship's Way, both in Lon- 
gitude and Latitude, as you can with them; as this and 
— Examples inſerted elſewhere in this Book make manj- 
fo 


CHAP. VIIL 


81 e r. I. 


How to make an Orthographick Projection of 
the Sphere, commonly called the Analemma ; 
whereby moſt of the neceſſary Queſtions in 
 Aftronomy may be reſolved without Trigono- 
metrical Calculation, only by the Help of 
Scale and Compaſſes. 


LTHOUGH I have inſerted all the Aſtronomi- 
cal Tables, ready calculated, that are of Uſe in 
the Practice of Navigation, and have alfo laid down 
a Method for finding the. Variation of the Compaſs, 
without Azimuth or Amplitude, &c, yet for the ſake 
of ſuch as delight in Aſtronomical Operations, I ſhalt 
ſnew the Learner how to ſolve all neceſſary Aſtronomi- 
cal Queſtions by the Analemma, or Orthographick Pro- 
jection upon the Plane of the Meridian; and in this 
Manner of Projection, the Eye is ſuppoſed to be _ 
cu 
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dicular to that great Circle upon whoſe Plain the Projection 
is made, and at an infinite Diftance from the ' ſaid Circle; 
ſo that any Line let fall from the Eye upon any Place with- 
in the ſaid Circle,ſhall be perpendicular to the ſaid Plain, and 
then will the Primitive Circle (or Meridian of the Place, when 
the Projection is upon the Plain of the Meridian) be a per- 
fect Circle. All right Circles that divide the Projection in 
two equal Parts are ſtrait Lines, or Diameters, of the Pri- 
mitive Circle ; and all oblique Circles that divide the Pri- 
mitive into two unequal Parts, and yet touch it at oppo- 
fite Points are Semi-Ellipſes, or half Oval Circles; and all 
Parallels, or leſſer Circles, are right Lines, cutting the 
Primitive into two unequal Parts ; and Parts of Lines that 
ſerve for the Solution of any Aſtronomical Queſtions, 
are Parts of ſome of thoſe Circles, or ſuppoſed to be ſo, 
and are meaſured or projected according to the following 
Directions. | — | 

The Primitive Circle (being drawn with the Chord of 
60 Degrees of any Radius large or ſmall) any Part of it is 
meaſured upon the Chords to the ſame Radius. Any Part 
of a right Circle is meaſured upon the Sines. Any Part of 
an oblique Circle (when required to be meaſured, which 
is but ſeldom) may be meaſured on the Chords, being firſt. 
reduced to the Primitive Circle thus; draw two Lines 
through the two Points in the oblique Circle, the Di- 
fiance between which is to be meaſured, and let the ſaid two 
Lines be drawn parallel to that right Circle which cuts the 
faid oblique Circle at right Angles, and mark where theſe 
two Parallels cut the Primitive Circle, and the Diſtance be- 
tween theſe two Marks meaſured on the Chords, is the 
Meaſure of the oblique Circle required, 

Note, There is no way to project theſe oblique Circles, 
but by finding a great Number of Points through which 
they are to paſs, and ſo by a ſteady Hand, or the help of a 
Bow, draw it through the ſaid Points; but the Operation 
being tedious, and of little Uſe, it is ſeldom put in Prac- 
tice : Nevertheleſs I ſhall hereafter ſhew how they are done, 
as alſo all the reſt, as in the following Example. 


An 
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An Orthographick Projection of the Sphere upon 
the Plain of the Meridian, For 


Latitado of Lie 5—2 
Sun's Declination North 2230 | 


 Firfl, With the Chord of 60, draw the Circle PE 
S2, to repreſent the Meridian; then draw the _ 
Diameter HO to repreſent the Horizon, and Fig. 65. 
at Right Angles to it draw the Line E N, to re- 
preſent the Prime Vertical; then ſet off the Latitude 
51 32 (taken off the Chords) from o to P, and from 
H to &, and draw the Line P RS to repreſent the Axis 
of the World, P the North Pole, and & the South Pole: 
Then at right Angles with the Line PS, draw the Line 
E © to repreſent the Equator : Then ſet the Chord off the 
given Declination 22 30 from E to D, and from & to 
C, and draw the Line D C the Parallel of the Sun's 
clination : Set off the Chord of 23. 30, the Sun's greateſt 
Declination from E to T, and from © to X, and draw the 
Line T to reprefent the Ecliptick : Set off alſo the Chord 
of 23.30 from P to g andg, and draw the Line 9g, to 
repreſent the Artick Circle, and the ſame from & to r 
and v, and draw the Line rv to repreſent the Antartick 
Circle: Then from P, through the Point © draw the 
Meridian Ph © B ; thus here is given in this Meridian the 
Point P and the Point O; then to find the Point B, 
another Point through which this Meridian is to paſs, di- 
vide the Line Z R after the ſame Proportion that the 
Line D F is divided, at the Point O, that is, as FD to 
FO, ſo RE to RB, and make the Mark B, and by 
the ſame means find the Point hin the Line gg: Then 
through the Points PC B with a Bow, Curving or Bend- 
ing gradually, draw the Pricked Curving Line Pþ© B 
to repreſent a Part of another Meridian: All which be- 
ing finiſhed you may proceed to anſwer the following Pro- 
ems, | ens 


, * 
” . 
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93 {| he Sun's Longitude 
as Lots Dons Sr the ans 


The Sun's Longitude, or Diſtance from the next Equi- 
noctial Point, is an Arch of the Ecliptick, contained between 

the Center & (or Interſection of the Eeliptick and Equator) 
and the Point O, (the Interſection of the Ecliptick and 
Parallel of Declination) ſo here R © meafured on the Sines, 
is the Sun's Diſtance from the next Equinoctial Point, 


2. Of the Sr Right Aſcenfimn. 


It is an Arch of the Equator, contained between the 
KquinoRial Point R, and the Point where the Meridian 
through © cuts the Equator, as in G, ſo RG, mea- 
on the Sines, gives the Right Aſcenſion required. 
Note, If it ght too much Trouble to draw theſe 
idians, all theſe Problems, which can be done by the 
eridians, may be done without them, if 
you reduce the leſſer Circles to the common Radius; 

therefore FO is the Sine of the Sun's Right Aſcenſion 
to a leſſer Radius FD; which may be reduced to the com- 
mon Radius thus. Suppoſe I would find the Sun's right 
Aſcenſion : Set FD from R to d, upon the Line R H, 
then with the Extent FO, and one Foot in d, deſcribe 
the Arch e; a Ruler laid from R, by the Extremity of that 
Arch will cut the Primitive Circle in ; then He mea- 
ſured on the Chords is equal to F ©, the Sun's right Aſcen- 


fon required. 

Nite, When any Arch of a leſſer Circle is to be mea- 
ſured, it muſt be firſt reduced to the common Nadius, and 
meaſured as before. 


3. To find the Hour of the Day. | 


The Hour from fix o' Clock is an Arch of the Parallel 
of Declination, contained between the Line PS and the 
Point O, which reduced to the common Radius, and 
' meaſured as in Problem the ſecand, gives the Degrees of 
a great Circle, which, allowing 15 Degrees for an _, 
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r 4 Minutes of Time, gives dhe Hour 
from 
ng, To find the Time of the Sun's Rifog and Setting, _ 

The Arch Ey reduced to the common Radius by Prob. 
IT. and the Degrees reduced to Time by Prob: III. gives the 
Ee, If the Sun had had 284. ger Sour B. dess 

Note, n 

it muſt have been repreſemed by the Parallel n, and then 
the Arch hi reduced as before wauld haue wen the Time 
of the Sun's Riſing after, or Setting before 6 O Clock. 


5. To fond the Length of the Day ar Night. 

That Part of the Parmflel of Declinatiof: which is above 
the Horizon, reduced as in Prob. II. and III. and doubled gives 
the Length of the Day, and that Part which. is below the 
Horizon gives the Length of the Night : Thus D y y gives 
the Length of the ro and yc the * the Night 
when the Sun hath 23d. 30m. North tion, and 
f6 gives the Length of the Day, and bm the Length of 
the Night in the ſame South Declination. 


6. Th find the Sun's Amplitude. 
The Sun's Amplitude is an Arch of the Horizon contain- 
ed between the Eaft or Weſt Point, and the Point where 
the Sun riſes or ſets : Thus Ry is the Amplitude in North, 
or Rb in South Declination, which becauſe it is an Arch 
of a great Circle is meaſured on the Sines. 
Note, The Amplitude is always of the ſame 
tion with the Declination, whether North or South. 


7. To find what Hour the Sun will be due Eaft N. 


The Sun is Eaſt or Weſt when in the Line ZN, and it 
is 6 o' Clock when-the Sun is in the Line PS, therefore the 
Arch XF, reduced by Prob. II. and III. gives the Hour af- 
| ter Gin the Morning, that the Sun is due Eaſt, or 6 in the 
Evening that it is due Weſt. 


8. To find the Sun's Altitude when Eaſt or Wit. 


The Arch R X meaſured on the Sines, gives the Sun's 
Altitude when Eaſt or Welt, 


9. 
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11112 9. To find the Sur's Altitude at bt. 


The Arch F equal to Ra, meaſured on the Se, 
gives = Sun's Akitade at 6. 


adh 2212; 10. E frid th Sar frimaha "ak 
The Arch 4 E reduced by Prob. 2. NY the Aach 


* 
* 
1 » 1 


: at 6 required, accounting the Azimuth from the Eaft « or 


Weſt; but if from the North _ Arch O's reduced as 
before: anſwers the Problem. © © © 


aH, gf, Hemet lc Har 4 arte 
be sn the Mording, or 7 at Night. a9 


a 4 have thought fit to inſert this Problem, not 0 for 
its Uſefulneſs, but becauſe it is perfornied by another Me- 
thod -of reducing a leſſer Circle to the common Radius, 
which. is the Inverſe of that Way of reducing mentioned 
in Prob. 2. As for Example, Becauſe 5 in the Morning, 
is one Hour before 6, and every Hour of Time is equal to 
15 Degrees of a greater (or lefſer) Circle; therefore ſet off 
15 Degrees from F towards y, which is done thus. 

Set off FC from R to d upon the Line R H; ſet off 
15 of the Chords from #7 to g, and draw the pricked Line 
Reg, the neareſt Diſtance from the Point d to that Line 
ſet from F to I is 15 Degrees, or an Hour of Time in 
that leſſer Circle, and the Point / is the Place of the Sun 
at 5 in the Morning, and the Arch 51 reduced to the 
common Radius hy Prob, 2. gives the Sun's Azimuth from 
the Eaſt Northwards at 5 in the Morning, or from the 
Weſt Northwards at 7 in the Evening; and by this Me- 
thod you may ſet off any Number of Degrees upon any 
Parallel or leſſer Circle, a a bo ho u in gra 
graphick Projection. rt 


SECT. 


Bs 
S wer. 


Of the S tereographick Projection of the Sphere, 
| upon the Plane of the Meridian. 


Tereographick Projection of the Sphere (as well as 
- Orthographick) is a Branch of Perſpective; 

in this the Eye is ſuppoſed to be placed in the Fig. 65. 
Pole of that great Circle upon whoſe Plane the | 
Projection is to be made; but in the Pole opoſite to that 
half that is to be projected, the ſeveral Circles ſuppoſed to 
be transferred to a Plane biſecting the Sphere in the Circle 
upon which the Projection is made, and this Projection hath 
this Excellency, that no other Perſpective Projection is ca- 
pable of ; for upon this all Circles of the Sphere greater 
or leſſer, (except right Circles) are alſo Circles upon the 
Plane of the Projection, and will anſwer the Appearance, 
and the Laws of Projecting and Meaſuring as well 
without the primitive Circle as within it, which makes this 
Projection more commodious and more practiſed than any 
other. 

In this kind of Projection there are four Sorts of Circles, 
viz. The primitive Gircle, a right Circle, an oblique Cir- 
cle, and a parallel Circle. 

I, The Primitive is a perfect round Circle, upon whoſe 
Plane the Projection is made; and in this Caſe it is the 
Meridian of the Place; as here the Circle Z HMO is the 
primitive Circle. | 

2. A _ Circle is a ftrait Line, or Diameter of the 
primitive Circle, which cuts the primitive in two oppoſite 
Points, and divides it into two equal Parts, as Z74O the 
Horizon, or EA the Equator, &c. 

3. An oblique Circle cuts the Primitive at two oppoſite 
Points, but divides it not into two equal Parts, as Z CN, 
an Azimuth, or PCò a Meridian. 

4. A parallel Circle is a leſſer Circle, neither cutting 
the Primitive in oppoſite Points, nor dividing it in 

| two 
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BOC, a parallel of Altitude. 


of 60 Degrees, upon the Center A. 


Center. | 


P © falls in the right Circle E A 


that the oblique Circle is to make with 
ſet the Tangent of the Angle from 


fhall find the Center required. 


Chap. VIII. 


two equal Parts, as D © F, a parallel of Declination, or 


RO B. I. How to find the Center of am Circle. 

1. The primitive Circle is always drawn with the Chord 

2. A right Circle, (being a ſtraigbt Line) hath no 

3- The Center of an oblique Circle 1 falls in unt 
right Circle, whieh cuts the ſaid oblique Circle in two 


equal Parts; thus the Center of the Circle Z © N falls in 
the right Circle HA O, and the Center of the Circle 


; and if you have 


three Points, as Z © N, through which the Circle is to 
pals, the Center is by the ſixth Geometrical Problem at the 
Beginning of this Book; but if you haye given the An 


e 
e Frag G. 
* 


ine HA 0, or 


with the Secant of the ſaid Angle, and one Foot in Z or NM. 
with the other croſs the Line AO, either Way you ſhall 
find the Center of the oblique Circle required. | 
4. For the Center of a parallel Circle, having its Di- 
ſtance from the right Circle, to which it is parallel, given, 
ſet off the Chord of that Diſtance upon the Primitive Cir- 
cle from each End of the right Circle, and the half Tangent 
of the ſaid Diſtance from the Center 4, upon that right 
Circle which cuts the other at right Angles, and ſo you have 
three Points through which the Parallel is to paſs to find its 
Center by the ſixth Geometrical Problem. | 
Or thus, Suppoſe I would find the Center of the Parallel 
of Declination D O E, ſet the Tangent of the Comple- 
ment of the Sun's Declination from Dor F, or the Secant 
of the ſame from A upon Line S A continued, and that 


PROB. 
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P RO B. II. To find the Pole of any Circle. 


Nite, The Pole of any great Circle is always go Deg. 
from its Periphery: Therefore, | 

1, The Pole of the Primitive is always at its Center 
A. 
2. The Pole of a right Circle is always in the Pri- 
mitive, as the Pole of the right Circle H AQ is at Z, 
2 the Poles of the right Circle E AS are at P and &, 

c. 

3. For the Pole of an oblique Circle, as ſuppoſe the 
Circle Z © N, obſerve where the ſaid oblique Circle cuts 
the right Circle, which it cuts at right Angles, as here in 
the Point G, lay a Ruler from Z to G, it cuts the Primitive 
in y; ſet off 90 of the Chords from y to K, a Ruler laid 
from Z to & cuts the Circle HA in g, the Pole of the 
oblique Circle required. : 

4. The Pole of a parallel Circle is always in the Pole of 
that right Circle to which it is parallel ; thus the Pole of 
the Parallel D'© is at P, the Pole of the right Circle 
E AD, &c. 

Note, An Arch of a parallel Circle is never made a 
Side of a Spherical Triangle, they being all compoſed of 
Arches of great Circles, whether Primitive, Right, or 


Oblique. 
PR O B. II. To project am given Angle. 


1. To make an Angle of 23 30 at the Center of the 
Primitive with the right Circle E 9, 

Set 23 30 of the Chords from E to 3, and from Q to 
I, and draw the Line or right Circle 9, it makes (at A 
the Center) the Angle required, 

2. To draw an oblique Circle to make at Z an Angle 
of 48 Degrees with the Primitive. 

The Center of this Circle will fall in the right Cir- 
cle H AO by Prob. I. Set the Tangent of 48 the given 
Angle from A towards O, it will reach tor, then upon 
r as a Center with the Extent Z or N draw the ob- 
Q 2 lique - 
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lique Circle ZGN it will make at Z the Angle re- 
quired, . 

3. To draw an oblique Circle to make a given Angle at 
the Primitive with another oblique Circle, as ſuppoſe I 
would draw an oblique Circle, to make at P an Angle of 
48 Degrees with the oblique Circle Pt S. 

Lay a Scale from P tot (the Point where the oblique 
Circle cuts the right Circle in which its Center falls) and 
it will cut the Primitive in u, ſet the given Angle 48 off the 
Chords from u to x, a Scale laid from P to x will cut the 
foreſaid right Circle in w, draw the Circle PwwS by Prob. 
I. it is the oblique Circle required, | 

4. To project any given Angle within the Primitive, but 
not at the Center. f 
We ſhall add this general Rule to what was laid down 
Prob. 1. viz. that as I ſaid there the Centers of all ob- 
lique Circles fall in that right Circle, which cuts them 
at right Angles, I ſhall now add, that the Centers of 
all oblique Circles that paſs through the ſame Point in the 
right Circle, do fall in a right Line drawn through the 
Center of the ſaid oblique Circle, and at right Angles with 
the ſaid right Circle. Example, Becauſe the Point r is 
the Center of the oblique. Circle ZGN, therefore the 
Centers of all oblique Circles that paſs through the Point 
G ſhall fall in the Line cd continued, which paſtes 
through the Point r, and cuts the ſaid Circle at right An- 
gles, &c. which being well underſtood the Application 
is eaſy; as for Inſtance, it is required to draw an ob- 
lique Circle through the Point G in the right Circle HAO, 
to make with the ſaid right Circle an Angle of 55 De- 

rees. | 
, Lay a Scale from Z to G, it will cut the Primitive in 
y, the Arch Hy meaſured on the Chords is 48 Degrees, 
(the Meaſure of the Angle ZZ G) therefore ſet the 
Tangent of 48 from I to r, and through r at right Angles 
to the right Circles HAO draw c 4 continued, then with 
any Radius and one Foot in & draw the Arch FR, and 
from the fame Radius ſet off 35 Degrees (the Comple- 
ment of the Angle to be made at G) from f to 1, 2 
Scale laid from G to i will cut cd in , with the Extent 
mG, and one foot in m, deſcribe the oblique Circle SGP, 
Y | It 
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it is the Circle required, and makes the given Angle 55 at 


G with the right Circle ZHAO, 


Theſe Directions, with the Rules for meaſuring Arches 
of Circles and Angles which follow in Order, will be ſuf- 
ficient to inſtruẽt the Learner in projecting any Angle re- 
quired to be made by a given oblique Circle with another 
oblique Circle to be projected, and through a given Point in 
the ſaid Circle; but there is in this Caſe another Variety, 


which is, 


To draw a right Circle to make with an oblique Circle 
any given Angle; inorder to the Underſtanding of which 
this general Rule may be neceſſary, viz. 

That the Diſtance between the Poles of any two great 
Circles (meaſured upon a great Circle drawn between 
the ſaid Poles) is equal to the Angle made by the In- 
terſection of the ſaid Circles, and conſequently to project 
the ſaid given Angle is but the reverſe of the former ; for 
having found the Pole of the given oblique Circle, draw a 
parallel Circle about the faid Pole diſtant from it, equal 
to the Quantity of the Angle propoſed, and where that 


Parallel cuts the Primitive ſhall be the Pole of the right 


Circle, from which ſet off 9o Degrees both ways upon the 
Primitive, theſe Points and the Center ſhall be three 
Points in a right Line through which the right Circle is to 
be drawn, and wherever it interſects the oblique Circle 
it makes the Angle required to be made, but that Inter- 
ſection is confined to that Point of Interſection only; but 
as we have not yet taught how to draw a Parallel to an 
oblique Circle at any given Diſtance from it, it ſhall next 
follow. 


PROB. IV. To draw a Parallel to an obligue Circle at 
any given Diſtance from it. 


It is required to draw a Circle parallel to the oblique 
Circle PS 30 Degrees diſtant from its Pole. 

Find the Pole of the oblique Circle by Prob. 2. which 
will be found at /, lay a Scale from & to /, it will cut 
the Primitive in /, ſet 60 Degrees (the Parallel's Di- 
ſtance from the Pole of the oblique Circle) both ways 
Q 3 | from 
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from I to P and , a Scale laid from & to P will cut E q 
in A, which happens at or near the Center of the Circle, 
alſo a Scale laid from & to » will cut 2 E (continued) in a, 
the Space a 4 divided equally in t with the Extent at 
or At, and one Foot in : deſcribe the Circle a Z A, it is 
the Parallel required, and / its Pole is alſo the Pole of the 


oblique Circle PS to which it is parallel. 8 
P RO B. V. To ſetoff any Number of Degrees, upon a 
great Circle, . 


In this Problem are three Varieties. 

1. To ſet off any Number of Degrees upon the Primi- 
tive, ſuppoſe 51 Deg. 32 Min. from O upwards. 

Take 51 32 off the Chords, and with that Extent and 
one Foot in O, the other will reach to P, the Arch O P 
being 51 32 as required, | | 

2̃. To ſet off any Number of Degrees upon a right Cir- 
cle; ſuppoſe 22 30 from the Center A towards P. : 

Take the half Tangent of 22 3o, and ſetting one Foot 
in A the other will reach to h, and the Arch 4 5 is 
22 30 required, and P its Complement to go, viz. 67, 


o. | 
a Nite, If you ſet off any Number of Degrees upon a 
right Circle from the Center, you muſt account from 
the beginning of the half Tangents, and reckon forwards ; 
but if you begin at the Primitive, you muſt alſo begin at 
go of the half Tangents and reckon backwards; thus 
if you had to ſet 67 30 from P you muſt take 67 30 
backwards, viz. from go to 22 30, which will reach to 55 
as before. 

But if you have any Degrees to ſet off upon any inter- 
mediate Arch between the Center and the Periphery, it is 
ſomething more difficult ; but the following Rule is uni- 
verſal in all Varieties of this Problem. 

Set the Chord of 22 30 from E towards Z, it will 
reach to , lay a Scale from Qto g it will cut PSin b, 
then is 4 þ 22 3o, as was required, 


PROB, 
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PROB. VI, How to meaſure any Side a Triangh, or 
Arch of a great C ircle. 7 "oY 


1. Any Arch of the Primitive is always meaſured upon 
the Chords, 

2, Any Arch of a right Circle is always meaſured upon 
the half Tangents, 

3. Any Arch of an oblique Circle is meaſured thus. 

Lay a Ruler from the Pole of the faid oblique Circle, 
over the Extremities of the ſaid Arch, and obſerve where 
it cuts the Primitive, and that Diſtance meaſured on the 
Chords gives the Quantity of the Arch required. 

Example, Suppoſe I would meaſure the Arch © G of the 
Circle Z ON: Lay a Ruler from g (the Pole of the faid 
Circle) to O, it cuts the Primitive in B: Again, a Ruler 
laid from g to & cuts the Primitive in H, the Diſtance 
B H, meaſured on the Chords, gives the Quantity of the 


Arch © G required, 
PR OB. VII. Howto meaſure any ſpherical Angle. 


This one Rule is univerſally uſeful in all Caſes (whether 
the Sides including the Angle be Arches of the Primi- 
tive, Right or Oblique Circle) viz. Lay a Rule from the 
Angle over the Poles of the two Circles including the An- 
ole, and obſerve at what two Places the Ruler cuts the 
Primitive, for that Diftance meaſured on the Chords gives 
the Quantity of the Angle required. 

Example. I would meaſure the Angle Z O of the 
Triangle Z P ©: Lay a Ruler from <) to g (the Pole of 
one of the Circles including the Angles) it cuts the Primi- 

tivein ©, and then a Ruler Jaid from © to # (the Pole of 
the other Circle including the Angle) it cuts the Primitive 
ina; the Arch & @ meaſured on the Chords gives the 
Quantity of the Angle Z © P required. 

By theſe Directions, and the Inverſe of them, you may 
ſet off any Number of Degrees, or lay down any Angle 
required, as will be further illuſtrated in the following 
Example, the Room aſſigned for this Subject not permitting 


me to enlarge upon it. 
Q 4 A 


„ fa Siiraagrephicl: Ch 


A Stereographick Projection of the Sphere, upon 
the Plane of the Meridian. For, 


d. m. 
Latitude of Landon 51—32 
Sun's Declination 22 —30 


How to project the Sphere flereographically upon the Plane of 
the Meridian. 


Firſt with the Chord of 60 Degrees, and one Foot 
of the Compaſles in the Center 4, deſcribe the Primi- 
tive Circle Z HNO to repreſent the Meridian; draw 
the Diameter H AO to repreſent the Horizon, and at 
right Angles to it, draw the Diameter Z A N the Azi- 
muth of Eaſt and Weſt ; Then becauſe the Pole is 510d, 
2m, above the Horizon, ſet off 51d. 02m. of the Chords 
rom O to P, and from Hto FS, then is P the North 
Pole, and & the South Pola: Draw the Diameter & P, 
the Axis of the World, and Hour Line of 6, and at 
right Angles to it, the Diameter E 2 the Equator : 
Alſo becauſe the Sun's Dcclination is 22d. 3om. draw 
the Parallel of Declination q © F at 22d. 3om. diſtance 
from the Equator Northward, by Prob. I. hereof, Now 
the Sun being in the Parallel 7 © F, and alſo in the 
Ecliptick 3. v, it muſt be at the crofling of thoſe Circles, 
viz. at the Point O, which is the true Place of the Sun 
in the Projection, which being found you have three 
Points, Z, ®,N,thro* which to draw the Azimuth Z © N, 
and 3 Points P © & through which to draw the Meridian 
P Os, both which are done by Prob. 1. hereof; and then 
the Parallel q © F is the Parallel deſcribed by the Sun's 
Motion, that Day the Sun riſing and ſetting at g, and 
at 6 O'Clock at h, and Eaſt or Weſt at n, and upon the 

Meri- 
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Meridian at 3, &c. which is ſo intelligible that it needs no 
further Illuſtration. | | 

For the Ecliptick, ſet off 23d. 30m. (the Sun's greateſt 
Declination) from E to 3, and from Q to V, and draw 
the Diameter q V, which ſhall — — the Ecliptick. 

By Prob. 1. hereof, draw the Meridian PM, and the 
Azimuth Z h N, and through the Point © (where the 


Ecliptick cuts the Parallel of Declination) draw the Meri- 
dian P © 8. 


1. To find the Sun's Longitude or Diſtance from the neareſt 
Eguinoctia l Point. 


The Arch of the Equator 4 ©, meaſured on the half 
Tangents, and the Degrees and Minutes found reduced 
to Sines, Degrees and Minutes of the Ecliptick, allow- 


ing 30 Degrees to a Sine, &c. gives the Sun's Longitude 
required, 


2. To find the Sun's right Aſcenſion. 


The Arch of the Equator At meaſured on the half 
Tangents, gives the Sun's Right Aſcenſion when he is in 
Aries, Taurus, or Gemini; but if in Cancer, Leo, or Virgo, 
the Degrees ſo found ſubtracted from 180, gives the right 
Aſcenſion: And when the Sun is in Libra, Scorpio, or Sa- 
gittary, the Degrees ſo found added to 180, gives the right 
Aſcenſion ; but if in Capricorn, Aquarius, or Piſces, the 
Degrees ſo found ſubtracted from '360, ſhews the right Aſ- 
cenſion required. 

Note, For finding the exact Degrees and Minutes of the 
Sun's Right Aſcenſion, the ſame Rules of adding and ſub- 


tracting the Degrees found are to be uſed in the Ort hogra- 
phick Projection alſo. 


3. To find the Hour of the Day, 


Obſerve where the Meridian PO & cuts the Equator, 
as in t, the Arch At of the Equator meaſured on the 
half Tangents, and reduced to Time, allowing 15 Deg. to 
an Hour, c. gives the Hour paſt 6 in the Morning, or 
the Hours wanting of 6 at Night, 


Or 
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Or thus: In;the Oblique Triangle Z PO, the Angle at 
P „ meaſuredby Prob. 4. and reduced to Time as _ 
gives the Hours wanting of 12, if in the Forenoon, or the 
Hours paſt 12, if in the Afternoon. 


4. To find the Time of the Sun's Rifing and Setting. 


Through the Point g (where the Parallel of Declination 
cuts the Horizon) draw the Meridian Pg S, and obſerve 
where it cuts the Equator, as in ö, the Arch A meaſured 


on the, half Tangents, and the Degrees reduced to Time, 
give the Hour and Minutes that the Sun riſes before 6 in 


the Morning, or ſets after 6 in the.Evening, or if in South 
Declination, where the Parallel of Declination interſects 
the Horizon on the other Side of the Line P $, or Hour 
Line of 6, it gives the Sun's Riſing after 6, or Setting be- 
fore 6, &c, | 


5. To find the Length of the Day or Night. 


The Hour and Minute of the Sun's Setting doubled 
gives the Length of the Day, the Time of Sun's Riſing 
doubled gives the Length of the Night. 


„ find the Sun's Amplitude. 


The Arch of the Horizon Ag (being an Arch con- 
tained between the Sun's Riſing or Setting at g, and the 
due Eaſt or Weſt Point at A) meaſured on the half Tan- 
gents gives the true Amplitude from the Eaft or Weſt re- 


quired. 
7. To find what Hour the Sun will be Eoft or Neft. 


The Sun is Eaſt or Weſt in m, the Point where the Pa- 
rallel of Declination cuts the Prime Vertical, or Eaſt and 
Weſt Line ZAN; therefore having drawn the Meridian 
PmS, obſerve where it cuts the Equator, as at u, then 
Aw meaſured on the half Tangents, and reduced to 
Time, gives the Hour after 6 in the Morning that the Sun 
is due Eaſt, or the Hour before 6 in the Evening that the 


Sun is due Weſt. . 
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8. To find the Sur's Altitude when Zaſt or Mai. 


The Arch A m, meaſured on the Half Tangents, an- 
ſwers the Queſtion, and gives the Sun's Altitude when Eaſt 
or Weſt. 


9. To find the Sun's Altitude at 6 Click, 


The Sun is in the Point þ at 6 oClock, therefore the 
Arch he meaſured by Prob. 3. gives the Sun's Altitude at 
6 required, 


10. To find the Azimuth at 6 & Clack. 


The Arch of the Horizon Ae, meaſured. on the half 
Tangents, gives the Sun's Azimuth from the Eaſt or Weſt 
required, whoſe Complement to o is the Azimuth from 
the North, &c. 


11. To find the Sun's Azimuth at any Flour or Altitude, as 
ſuppoſe when in the Point O in this Prejection. 


From Z to NM, and through the Point O, draw the Azi- 
muth Z O, as before directed, and obſerve where it cuts 
the Horizon as in G, then the Arch 4 G meaſured on the 
half Tangents, gives the Azimuth from the Eaſt or Weſt 
required, 

Thus have I given you a Tafte of all the moſt uſeful 
Problems, relating to the Orthographick and Stereographick 
Projection of the Sphere; of which I ſhall add no more at 
this time, but proceed to Spherical Trigonometry, and its 
Application to Practical Aſtronomy, in their proper Places. 
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0 Spherical Tigonometry. 


MS plain Triangles, conſiſt of three. right lined Sides 
1 and three Angles made by their interſecting each 
other,” ſo ſpherical Triangles are made by the Interſection 
of the Arches of three great Circles of the Sphere, and of 
thoſe there are three ſorts, viz. Right-angled, Oblique, 
and Quadrantal, but the two firſt kinds are moſt in Uſe; 
and as the great Circles of the Sphere are either Meridians, 
Azimuths, &c. when they interſect each other ſo as to 
make a ſpherical Triangle, the Solution of ſuch Triangles 
is what is generally called Aſtronomy. 
In ſphericalTriangles obſerve theſe Solutions. 
1. Each Triangle hath 6 Parts, viz. 3 Sides and 3 
Angles. ... baſs | 
2. In Right-angled Triangles there are 5, called circular 
Parts, viz. - the two Legs, and Hypotenuſe, and 2 acute 


Angles, the right Angle being not looked upon as any Part | 


in this Caſe. 


3. Of theſe five there are always two given and one 
required (theſe two and Radius being ſufficient to find 
out the fourth Term required) and of theſe three there is 


always one called middle Part, and the other two are either 


Conjuncts, or Disjuncts, v:z, either both next middle Part, 


or both ſeparated from it by a Part, not mentioned in the 


Queſtion, as in the Scheme, ſuppoſe in the Pentagon 4 B. 
CDE, if AB and E were the Parts mentioned (whether 
4 given or required) 4 would be middle Part, and 


Fig. 81. B and E would be Conjuncts, but if D A and 
B were given, D would be middle Part, and 4 


and B Disjuncts, and if this be underſtood of the Pentagon, 


it may be as readily underſtood of a Triangle; for 

Fig. 82, ſuppoſe the three Sides 4, C and E, and the two 
Fa Angles Band D, all which are called circular Parts, 
were any three of them the Parts given or required ; as 


for Inſtance, if B, C and D, then C would be middle Part, 


and 


9 


4 
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and B and D Conjuncts, or if 4 C and D were the Parts 
given or required, 4 would be middle Part, and C and D 
Disjuncts, becauſe B is between A and C, and E is be- 
tween A and D, &c. * 
4. Then the fundamental Proportion is, As Radius to 
Tangent of one Conjunt?, ſo Tangent of the other Conjunc to 
Sine of middle Part. | | 
And, As Radius to Sine. Complement of one Dizjunft, ſo 
Sine Complement of the other Digqun# to Sine of middle Part 
Only 
5. The Hypotenuſe and two acute Angles, viz. 4 E 
and D are called by their Complements, that is, if any 
of them are middle Parts it is called Sine Complement 
inſtead of Sine, or if Conjuncts they are called Tangent 
Complement inſtead of Tangent, and conſequently of 
Disjuncts they are called Sine inftead of Sine Comple- 
ment, Oc. | 

6. As in the fundamental Proportion middle Part is the 
laſt Term, it will follow that if middle Part be given, and 
a Conjunct required, the Proportion muſt be inverted, viz. 
As Tangent of the given Conjunt#t to Radius, ſo Sine of middle 
Part to the Tangent of the required Conjundt, &c. Under- 
ſtand the ſame of Disjuncts. 

7. In all ſpherical Triangles the Sines of the Sides are Pro- 
portional to the Sines of their oppoſite Angles, viz. as Sine 
of D to Sine of B, ſo Sine of 4 to Sine of C, 
and fo Radius to Sine of E, c. Fig. 8a. 

8. Oblique Triangles may be brought under 
the foregoing Rules by letting falla Perpendicular, and work- 
ing it as two Right-angled ones, only obſerve to Let your 
Perpendicular fall from the End of a given Side, and oppoſite 
to a given Angle, which when done, all the twelve Caſes 
in Oblique may be performed by theſe Rules, and the fol- 


\ 


lowing Concluſions, 


CONCLUSIONS, 


1. The Co-ſines of the Angles at the Baſe are di- 


realy proportionable to the Sines of the Vertical An- 
gles. 


2. 
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2. The Sines of the Baſes and Tangents of the Angles it 


the Baſe are reciprocally proportional. 


3. The Colines of the Segments of the Baſe and Coſines 


of the Hypotenuſes are in direct Proportſon. 
4. The Tangents of the Hypotenuſes are reciprocally 


proportional to the Colines of the Vertical Angles. 

5. The Tangents of the Baſes are propottional to the 
Tangents of the Vertical Angles. 

© 6. In all oblique ſpherical Triangles, when a Perpendi- 
cular is let fall from the greateſt Angle to the greateſt Side, 
it will be, as Tangent of half the Baſe to Tangent of half 


the Sum of the Sides, fo Tangent of half the Difference of 


the Sides to Tangent of half the Difference of the Segments 
of the Baſe; which half Difference being added to the half 
Baſe, the Sum is the greater Segment, but ſubtracted from 


it, the Remainder is the leſſer Segment. 


Theſe are ſufficient for all the 28 Caſes, 25 for Variety I 
ſhall inſert another Operation where three Sides are given to 
find an Angle, vis. _ | | 
Add the three Sides together, and from their half Sum, 
ſubtra& the Side oppoſite to the Angle required; then to 
the Complement Arithmetical of the Log-Sines of the con- 
taining Sides, add the Log-Sines of that half Sum and Re- 
mainder, halfthe Total of theſe four Logarithms is the Sine 
Complement of half the Angle required, _ 5 

Theſe Directions well underftood, being fufficient to 
ſolve all the 28 Caſes of Spherical Triangles, I ſhall give 4 
brief Inſtance in each Caſe, to help the Memory as well as 


the Underftanding of the Learner, and ſhall apply thett 


more largely when I come to ſpeak of Aſtronomp itſelf. 

Note, f al for Brevity Sake put & for Sine, S C for 
Sine Complement, 7 for Tangent, TC for Tangent Com- 
plement, R for Radius; and ſhall only mention the Pfo- 


- portions there, and ſhall perform the Calculations from the 


fame Reaſons afterwards z Notes Mark the given Parts 
with a Daſh thus 1, the required thus o. 


CASE 
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4 * 
4481 * 
1330 89 
= 


Angle 4 $ 
S K. } Required 4B. 


Here by the. g. Directions /is middle Part, 
and ADand AB are en and though middle Part 
is a Sine, yet being an Angle it becomes a Sine Co 
ment, alſo 4 D being a Conjunat ſhould be a Tangent, 
but being the Hypotenuſe, it is a Tangent Complement, * 
likewiſe becauſe middle Part is given the fundatnental 
Proportion muſt be inverted, all which „ the 


Analogy iss, 
As T. C. ADtwoR. ſo SC. 41 T. 4B. 
CASE I. Pg. 84. 


Given the Hypotenuſe 4222 * * oppoſite 
| to the groes £ ngle. 


be 4 
Given { The dag 4d Required B P. 


Here BD is middle Part, and 4 D and * Dit 
juncts, therefore the Proportion i is, 


As Rad. to S. AD, ſo 8. A to 5. BD. 
CASE III. Rx. 85. 


Given the Hypot ak u — Angle, to find the other 
Nie. 


Given a 7's Required the Angle D. 


Here 


% — —E—ü ⁰ʃ !:. 9 ͤ„%«/ „14 „„ —— » 
* 
- 4 
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Conjuncts, therefore the Proportion i is: 


n H AD 
5 TP I Required the Angle 4 


Here A D is middle Part, ER 


As TC. 4to Rad. 650. 4D T.C.D. 
CASE IV. Fig. 86. 


Given n th rue and a Lig, to find the Angle included 


+ etween them. 


The Angle 4 is middle Part, and 4 D, and A B are 
Conjuncts, therefore the Proportion is: 


As Rad. to T. 4B, fo TC, 4D to SC. 4. 
CASE V. Ex. 87. 


e the EHypotenuſe and a Leg, to * the 7 oppoſite to 


the given 


Given 14 Hypo: 4 D | Required the Angle D. 


Here A B is middle Part, and 4 D and D are Digiands, 
therefore the Proportion is: 


As S. AD to Rad. ſo S. AB to S. D. 
C As E VI. Ex. 88. 
Given the Hypotenuſe and a Leg, to find the other Leg. 


Given | 2 1135 | Required B D. 


Here 


* "Lg wv *.- 
=y q | OO, % 
x VS ** 
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Here 4D is middle Part, and AB and B D are Dif” 
juncts, therefore the Proportion is: 3 


AsSC. AB to Rad. ſo 8 C. AD to SC. BD. 
ASE vn. N. &. 


Pg: — 2 Leg oppoſite 


groven 


Given 11 as Required the Leg FG. 


In this Caſe E F is middle Part, — Tags ans . 
Conjuncts, therefore the Proporticn i is : | 


As TC. E to Rad. ſo 8. Erw. FG. 
CASE VIII. Fg. 90. 


Given an Angle end 6 Lex ajcen w_ the Angle oppoſite 


to the given 


cs ; L } Required the Angle C. 


Here the Angle G is middle Part, and EP and E ure 
Disjuncts, therefore the Proportion is: 


As Rad. to SC. EF, ſo g. E toSC. G. 
CAS E IX. Ex. 97. 
Given an Angle and a 1 to find the Hypotes 
fs | | 


Given | Le 27 Required 20. 


The Angle E is middle Part, and EF and EG are 
Conjuncts, therefore the Proportion is: 


As T. EFto Rad. ſo SC. E to TC. EG. 
— R CASE 


—_— 


r p 
To OC. — © 
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5 | CASE X. Ke. 92. 4: 
Given an 5 ants e e, 1 th Er chu. to 


Ang Es + th 


The Side E F is middle va and Angle Z and Side 
FG are Conjancts, therefore the Proportion is: 


As Rad. to T. FG, Te. B08. Ef. 1 
CASE XI. Fr. 93. a 


Given * Tay a I bel, f fod the drr adjacent 
ti the gium Leg. 


"7 Tu e E * 4 N . | 

Here E is middle 4 and FG and Angle &, are Diſ- 

junQs, WG the Fropottion is: 
CASE XII. Fe. 94 
Given an bal and @ La bete, to find the Hype- 
LL  #emije. : 

WO Angle E 

d Les Fo Requited E G. 


Here FG is middle Part, and EG and Angle E are 
DisjunQs ; therefore | 


ow” As 8. E to Rad. ſo FG to S. Z. G 


CASE 


al 


8 
"EASE NA. Er. 98. 

* Gipes the En i fd an Al. | 
Given WET! Required Angle H. 


2a. l. 


Here HI is middle Part, and IK and H are cane, 
hence the Proportion is: 


As T. IK to Rad. fo 8. Hlto TC. E 
2 PALE XIx. Fe. 96. 


Given tbe Legs to find the Ibm. 


Given 11 IK * Required HK 


Here HK is middle Part, and Hland IK are D, 
therefore the Proportion is: 


| As Rad, toSC. HI, os CoS HI. 
CASE xv. Fig. 97. 


Given the Angles to find a Leg. 


Given { Angle T Required H I. 


Here the Angle & is middle Part, and HI and Angle H 
are Disjun&s, therefore the Proportion is: 


As S. H to Rad. ſoS C. K to SC. HI, 
CASE XVI. Fig. 98: 
Given the Angles to find the Hypotenuſe, 


1 4 
Given — 11 ON K. 


Here 


„% perten Trigatonetry, Chap. VII. 
Here HX is middle Part, and the Angle Hand K are 
Conjuncts, therefore the Proportion is: | 


As Rad. to TC. H, ſo TC. K to S. C. HK. 


Theſe are the 16 Caſes of right-angled Triangles, and 
| are all performed by the fundamental Proportion com- 
| monly.called my Lord Napier's, mentioned Solution the 
fourth by the help of the Directions in Solution 2, 3, 5, 
and 6; the other 12 Caſes are in oblique, and per- 
formed by Solution 7 and 8, and the Concluſions following 
Note, When we refer to any Caſe, we mean ſome of 
the 16 Caſes of right-angled Spherical Triangles before- 
o | 


Oblique Angles. 
CASE I. Fg. 99. 


Two Sides and an Angle oppoſite to one of them being given, ts - 
find the Angle oppoſite to the other, 9 


Nite, It is to be known whether the Angle required be 
Acute or Obtuſe; for if it be Acute, the Sine, Tangent, &c. 
that the Operation produceth, is the Sine, Tangent, &c, 
of the Angle required; but if it is Obtuſe, the 
found ſubtracted from 180, the Remainder is the Degrees 


of the Angle required. 
| The Side L N 
Given 115 Side N MT Required the Angle I. 
(The Angle M | 


The Solution of this depends upon, viz. 
ASS. LN to 8. A, ſo 8. NM to S. L. 


CASE 


= 3 A A xx 9 
.* i TITS 1 , 


En. ea 


3 1 ton fo 
find the Angles included between the given Sides. 


'Gi e | Rogind the Angle 
ven 4 
15 The Angle 47 


Let fall the Perpendicular NP dom Nby Scl 8. 82 
within by Sol. 9. then in the right-angled Triangle MPN 
there is 4. Side NAA, and the Angle MA to find the 
Angle M{NP Sy ny "by ee 4, the 
Proportion fas Smdiag re 


As T. LN. to $C. MNP, fo T. e 
and the Angle ZNP. being found and added to the Angle 
 _—_ the Sum is the whole Angle 3 


CASE Il. Fe. __ 
Give e an Al- oppoſite ty one 3 e, 


the third Side 


| The Side L VN 
Given f Side VA Rein the ie L JL 
The. Angle MJ A 06 "oy 


Here, as in Caſe II. ben the ſame 5 are given, 
the Perpendicular muſt fall from the Angle N upon the 
Side L M, and having let it fall to P Sol 8. you have 
given in the ri ht-angled Triangle H N the Angle NA 
and Side M N to 150 the Baſe MP b Caſe I. which 
being found, find the other Segment of the Baſe by Con- 
cluſion the third, VIZ. 


As SC. NM to 8 C. PM, ſo SC. LN to SC. LP. 
Then A, added to LP, the whole is the Side LA 
required. 
R 3 CASE 


9 wk 2 \ pes 9 a . 4 BY th 1 & re * 
s Selben nean an wut 
» , . = 


> "we, 
" C 7 
8 
$3 > 4-4 *#© . 


CASE IV. N tor. 


li ind a Side ooh "of thein 6 ” 
Nov Bi u the _— + ci ti, 


Mie, Here, as in Caſe I, it i required to be known 
whether the Side required be maße briefs than a Quadrant; 
for if it is leſs, the Sine or Tangent found anſwers the Caſe; 

t if it is more than a San ſubtract the Degree and 

finute found from 180 Oy. the Remainder is the 


Angle Wk. nook 


09” p41 THe Angle ) * VV ago 
| Given The Angle A Required the ez A Me 
The Side L N 


"he Proportion in this cite Ueda from Sl, 7: is: 
s. M. to 8. LN, ſo 8. Nto 8. LM 
1 os v. Fg. 103. 


Two Angles and a Side poſit to ont of them 1 given, 15 
aps the Side included Nr the £28 wa | 


CThe Angle N) 14 2 
Given The Angle M Regie vide 2 L M. 
| (The Side L N4 | ' 
Here 50 Sal. 8. the Per ndicular i is to fl from the 
Angle N upon the Side L „ and then in the. Triangle 
L Nthere is given the Angle L, and the Side L N to find 
the Baſe LP by Caſe 1. of right-angled Spherical Tri- 


angles, which eng found, the other Segment PA is found 
by Concluſion 2, thus: 


As T. Mtos. LP, ſo T. T. to S. MP. 


The Segment M4 5 added to L P makes the whole Side 
LM required, c A : E 


, _—_ 
* " 8 23 * a * : 4 
* * * * hs 1 8 n * * 2 
\ — "a +<. — of \ y Is 
„ * 


1 aun, — n 
Ast VL Fg: 194” 8 


bes dnl 6 gms —_ 
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nes 
iven A uir 
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The Perpendicular fals from the Angle N'by Sol. 8. 
then in the right-angled Triangle By N there * 
the Angle L and Side L P, to . find 8 e LN 
Caſe III. and then the other Ange e 
the firſt, thus: 


48 . E 0s. L Vp, 680. 1 wo. u. 


e Angle M N Padded to L NP j is the whole 
| Angle NH required. ' 


"CASE VI. Fe. 


Two Sides ad an Angle included Jr to ther 
— "the other Angler. At '7 


ug The Side XY- | 
Given - 1 The Side T þ Reid te Ange 
The Angle z | 


1 by Sol 8. the Perpendieular muſt fall either from 
X or Z, * by Sol. 9. it falls without either upon the 
Side X Y comiinued,' or upon Z Y continued, but where 
the Caſe is ſo ambiguous by Sol. 8. obſerve;  _—- 

Let the Perpendicular fall from the end of a given Side, 
and oppoſite to a given Angle, and likewiſe oppoſite to the Angle 
required i an Angle be required, or next to a Side required 
if a Side be required. 

By this Rule the Perpendicular muſt fall from the 
Angle & upon the Baſe Z Ycontinued to V, and then 
in the right-an 4 Trtangle T , there is given the 
Side PH and the Angle 1. (ing the 2 


* 1 4 4 » P * * 
- * L 
4 &3 \ A * - 
— +4 
. 4 — 
* * 9 > 
OF 4 
4 1 * * 9 
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of the given Angle IIZ to x80 Degrees to find the Leg 


WY by Caſe I. of right-angled Spherical Triangles, and 
eling WE TE the Sunn is wir then by 8 
the ſ 


AsS. 10. x r. X . 
CAS E vin. N 106. 


Tus Sides and an le included bei given, to. find the 
ind it. ud el 


: 0:41. 6 Ba Side FT .. * . 
ne 65 Side T Required the Side XZ. 
The Angle XYZ 


In this Cale the Perpendicular falls from the Angle X 
by Sol. 8. and falls without upon the Side ZY conti- 
— to ] by Sol. 9. for the ſame Reaſons as in Caſe VII. 
or it might be let fall from the Angle Z upon the Side 
ATV continued, but we: ſhall chuſe the former, viz. to 
let it fall from the Angle & to the Side Z V continued - 
, then as in Caſe 7. of oblique: Spherical Tri Py 
have given Angle A, and the Hypotenuſe 
to find by Caſe I. of right-angled erica Trian 
gles, then adding VFto the given Side TZ, gives the 
whole Baſe V, then find the required Side Y Z by * 
cluſion 3: 

As SC. W to SC. XY, ſo SC. IZ toSC. XZ. 


CASE IX. Fig. 107. 


Two _ and a Side included being given, to find tithe of 
the other Sides. 


The Angle B 
Given 5 Angle 7 Pn. the Side G N. 
The Side BG 


In this Caſe the perpendicular falls from the Angh 
G upon the Side B N by Sol. 8. and falls within by Sol. 
| 9. 


Set. III. — 

9, and the Dideticns is Cafe VII. and then in the Tier 
tle BGP, there is given the Side BG, and the Angle B 
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A T able of the Sun' 8 Declination. 
Firſt aſter Leap-Year, 1745. 1749. 
| 
1753. 1757. 1761. | 

= Jan. Fa. | March | April | May 
2 D. M. D. M. D. M. D. M. D. M 

121 37 13 360 3 1268 47/18 

221 27113 15 2 49009 918 

321 17/12 55] 2 259 30118 

nn nn © 427 18 

5120 54|12 14| 1 38]10 1319 

620 42|11 53] 1 14/70 3419 

7120 30 [I 32| © 500 55119 

812d 1711 10] © 27/11 165/19 

920 4110 49 0 11 36 20 

1019 51 J[1o 27] ON. 21 IT 57 20 

1119 3710 5] © 4/12 17120 

1219 23| 9 43] 1 3812 3720 

13119 9 9 27 | 23: 20383. 471 26 

14/19 54 59} 1 55|13 16] 21 

1518 39] 8. 36 2 1913 36/21 

16118 23] 8 14] 2 4213 55|21 

17] 18 8 7 51] 3 6074 14/21 

18017 527 28] 3 29014 3321 

1917 357 6 3 52014 51/21 
20017 18] 6 43] 4 15/15 927 | 
2117 16 20] 4 39|15 2722 þ 
22110. 44} 5 $56] 5.. 2115 45] 22 | 
23116 26 5 33] 5 25/16 2|22 : 
2416 885 10] 5 48116 20/22 ; 
2515 50| 4 46| 6 10116 3722 2 
Hex is. 32 4. 23] 6 33116 531m 2 
27115 134 oo 6 56/17 10[22 2 
2814 543 367 18|17 26|22 2 
29 4; 35 7 11/17 42]22 2 
215 IS; [8 317 5723 2 
2 18 8 25 23.08 o 3 
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1733. 1757; 1761. 


of 7 e, |Septer 
99 — — 
* D. M. D. M. D. M. 
I [22 1 58] 4 
2 21 $1114 40] 3 45 
3 21 43014 22| 3 21 
421 33]14 3] 2 58 
5 21 23]13 44] 2 25 
© 21 1313 25] 2 12 
8 en I] 7 449 
20 $2112 45 1 25 
9 20 41/12 26] x 2 
IO [20 '30|12 5 Oo 38 
11120 18|11 4 *. 
12 [20 611 26 08. 
1319 r $] © 32 
1419 41/0 44] © 59 
1519 2710 24| I 19 
1619 41e 31 42 
1711 of 9 41] 2 6 
1818 46 9 20 2 29 
1918 32 59 2 5 
20 [18 17 1 3 1 
2118 2 8 15 3 40 
22117 47] 7 53] 4 ; 
2317 31] 7 34 2 
24 |17 I5| 7 9! 4 48 
2516 59 6 47| 5 12 
26 16 43] 6 24] 5 3 
2716 26] 6 25 5 
2816 9 5 39] 6 21 
2915 $52] 5 161 6 44 
3015 34] 4 5+] 7 
130 '15 r6| 4 32 


9s Gober Neven Dec em. 


0 
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A Table of the Sun's Declination. 


Firſt after Leap-Year, 1745. 1749. 
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A Table of the Sun's Declination. 
Second after Leap-Year, 1746. 1750. 
1 1754 1758. 1762. 
Ian. Feb. | March | April] May June 
D | — 1 — 1 — | — — — 
D. M. [D. M. D. M. D. M. 

121 39 13 40 3 18 
221 29/13 20] 2 55 
322 19128 ©] 2 37 
4021 8/712 40 2 7 
5120 5712 19 I 44 
620 35 [11 581 20 
8 20 3311 37] © 56 
820 2011 151 © 32 
9120 7110. 54] © 9 
1019 5410 32| oN.15 
1119 41jlo 11] 0 39 
1219 27] 9 49] 1 2 
1319 1289. 26| x 26 
141/18 572 4, 1 49 
1518 42 | 8 42| 2 13 
16618 27 | 8 19] 2 37 
$7118 1217 57 3 0 
1817 5667 34] 3 23 
19117 39] 7 TI 3 47 
2017. 22| © 48] 4 10 
all 17. 8 6 25] 4. 33 
22116 486 24 56 
23116 31] 5. 39 5 19 
2416 13] 5 16 5: 42 
25015. 55 4 52] 6 5 
26 IS. 36 4 29 6 28 
27115 164 506 50 
26014 59 3 42 7 13 
29114 39 1-9 + x 
30 obs 5 164: 
g1't4 gf 8 19 
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A Table of the Sun's Declination. 
Second after Leap-Year, 1746. 17 50 


— IIS 


N Fuly | Auguft | Septem. | Oftober | Novem.” | 
S[D. M. D. M. D. M. D. M. P. M 
122 2015 8 4 1307 247 45 
221 54/714 44] 3 50 4 4711 1 
321 450/14 2603 27 9118 16 
4121 3614 83 408 321078 32 
521 26013 49] 2 41] 8 5418 47 
621 1613 29] 2 18] 9 1619 2 
0 21 6413 10] 1 54| 9 3819 17 
820 55 12 51] 1 3110 of19 31 
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= D. M.] D. M. D. M. D. D. D. M- 
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22 16 52] 6 8| 4 51/15 3022 12423 3 
23 16 35 5 44] 5 14/15 54/22 1822 57 
24 16 17] 5 21| 5 37/16 11/22 2622 52 
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The De ef the Toble of Fixed Stars nd Sun's | 
TEST 11 Right Aſcenſion, m 
IRST, Suppoſe y you Ale z Ser üg ce Me: 
1 ridian and know not what Star it is, ſee for the 
un's Right Aſcenſion the Day propoſed, 17 5 that 
add the Hour of the Night when the Stax 1 0 the 


Meridian, caſting away. 24, 17 1 2 5 nd = 


#3 - 


that Sum look in the Table 


Rags Aſcenſion, and the 2 ; 
ds is the Star that you ſaw upon er 
5 [ 


amp. December Eee is at 
* che rd 


N ＋ * the Meridian W 

M agnitude, 212, - one of the 

Shin 5 ; I find the Sun's Right Aſcenſion that Day ig 
30, to which add the Hour of the Night, 11, the Sum 
18 30, 30, but caſting away 24, there reſts 6. 30, 
which I look for in the. Table of Fixed 81 under 
tight Aſcenſion] and find it to ſtand again 1 
the Great Dog, ſo I know it is the Great 7 B 

ſaw upon the Meridian, which 1 is a Star of the firſt 
Magnitude : and ſo in others. 

But if you know a Srar, and defire to. Know 9 
Time it will be upon the Meridian, ſübträck the 
Right Aſcenſion of the Sun that Day from the wv 
Aſcenſion of the Star mentioned in the Table (bor- 
rowing 24, it need be) the Remainder is the Time of 
the Star's coming to the Meridian. Exampie; I de- 
fire to know what time the Great Dag comes to South 
February the Firſt, the Sun's Right Aſcenſion that 
Day is 21, 42, * which ſubtracted from 6, 30 the 
(Right Aſcenſion of the Great Dog) by adding 24. 
becauſe it can not be done other wiſe, the Sum is 30, 
30, from which take 21, 42, the Remainder 8, 48 
is the Hour of the Night that the Great Dog comes 
to the South, Again, 


— 


320 The Uſe of the Table of Fixed Stars, &c. 


allowing 4 min. 
ound as above, 


WE creding Rules, - n 
| In the laſt Column of the Table, you have the 


taking an Obſervation : Of which, fee more in 
Chapter 7. Setion 4, of this Treatiſ t, 

The Magnitude is of Uſe to know the Bigneſs 
of a Star; thoſe of the firſt Magnitude, being the 
biggeſt ; the ſixth the leaſt ; and the reft of Bigneſs 
—_—— to their Magnitudes expreſs'd in the 


Uſe, but if you would be exact, work by the pre- 


Dedination of the Fixed Stars, which is of Liſe in 
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Containing gel lea and ts. 


SECT. 1. of G Gente, 


F N Sailing in a Current it is very dent, 
that à Ship doth not make her Way 
good according to the Courſe ſteered by 
the Compaſs; and the. Diſtance run by the 
Log, but being at the ſame. Time pri- 


and Diſtance ſad, and of 7 Courſe and Motion of 
the Current; therefore where: both theſe are given, you 
muſt firſt lay down the Courſe ant n of the 
Current ; and the Courſe and Diſtarice from the Place 
ſail'd from, to this laſt Place thus found, 4 the true 
Courſe and Diſtance made good as in the firſt Queſ- 
tion following: A Ship fails $. E. 100 Miles from C to 
A, and a Current ſets in the ſame time Weſt 30 Miles; 
now if there was no Current, the true Courſe and Diſ- 
tance of the Ship would be repreſented by the Line CA, 
and the Point T ſhould repreſent. the Place ſailed to, 
but becauſe a Cutrent ſets Weſt 3o Miles, in the ſame 
Time, I ſet off 30 Miles W. ben Wte®, and the Point 
D repreſents the Place 6 to, and che Line CDi = 


322 Dueſtions concerning Current. 
very Queſtion in Currents, there is ' con{tituged N 
Triangle, either Right Angled, or Oblique, "thefAngles 
of which ſome call the Angles of Reflection, Deflection 
and Incidence, as Mr. Norwood in his Samens yur ; 
but by the Learned Mr. T. P. more ly the Angle 
of Force, the Angle of Submiſſion, and the Angle of 
Chance: But T ſhall not trouble the Learner's M 


with theſe Terms, but call them as indeed they are the 


Courſe ſteered, or the Courſe made good, &c, And there- 
fore, Note, That by the Courſe, or the Courſe ſteered, I 
mean the Courſe by the Compaſs, and by the Diſtance, I 
mean the Diſtance by the Log, but by Courſe and Diſtance 

made good, I mean the true Courſe and Diſtance of the 


Ship from the Place fail'd from, to the Place come to, with 


Allowance for the Current, &c. F 
There are ſeveral Caſes and Varieties in Currents, but 
Three, are chiefly uſeful : The firſt is, when the Courſe 
and Diftance is given, with the Courſe and Motion of 
the Current alſo given, to find the Courſe and Diſtance 


made good. The fecond is, when the Courſe and Di- 


| Nance fail'd, and Courſe and Diftance made good is 
iven to find the Courſe and Motion of the Current. The 
Third is, when the Courſe and Diſtance made good, 
and Courſe and Motion of the Current is given, to find 
the Courſe and Diſtance ſail'd, and this is of gieat Uſe 
when the Bearing and Diſtance of two Ports or Iſlands 
are given, and the Courſe and Motion of a Current be- 
tween them is alſo given, to find how muchto lay your 
Ship to the Windward of her true Courſe, that fo the Set 
of the Current with that Courſe ſteered may juſt bring her 
to the propoſed Port. | 
CASE I. Courſe and Diftance ſail d, and Courſe and 
Aotion of the Current given, to find the Courſe and Diſ- 
tance made good, | 


Geometrical Conſtrudzmn. 


A Ship fails S. E. 100 Miles in 24 Hours in a Cur- 
rent that ſets Weſt 30 Miles in the ſame Thanks QRES 


— 


. 


| Queſtions concerning Currents, 0 323 


what is the true Courſe and Diſtance made good in 24 Hours | 


time. With the Courſe South Eaſt, and Diſtance 100 lay 


it down as in Plane Sailing Geometrical, and 


then it will appear as in the Triangle AB C, Fig. 66. 
and the Ship ſhould be at A; but becauſe the wo 
Current ſets 30 Miles Welt in the ſame time, ſet off 30 
Miles from A to D- becauſe from A to D is Weſt ; then is 
the true Place of the Ship at D; therefore draw the Line 
CD, then is the Triangle CBD the true Projection of the 
Queſtion, with Allowance for the Current, in which the 
Angle BCD 29-50. is the true Courſe A 5 the Hy- 
potenuſe CD 81.6. the Diſtance, the Leg CB 70.7 is 

Difference of Latitude, and: BD 40.7. is the Departure as 
may be found by meaſuringthem Geometrically. | 


 Arithmetical Calculation. 


= — — * 


- By Caſe the firſt of Plane Sailing. 
As Radius "ann | — 90.0 = 10.00000 


To the Diſtance -=—_ — 10.0 — 2.00000 


To the Difference of Latitude 70.7 — 1.84948 


The re isalſo 70.7 equal to the Difference of La- 
4 fon the Courſe is South Eaft, viz. at an Angle 
of 45 degrees. 

But becauſe the Current had ſet her 30 Miles Weſt in 
the ſame time, therefore ſubtract 30 from the Departure 
found 70.7, there remains 40.7, the true Departure with 


allowance for the Current. 


Then you. have the true Difference of Latitude and De- 


parte given to find her Courſe and Diſtance, by Caſe the 


Sixth of Plane Sailing. 


As Difference of Latitude -70.7--— 1.84948 


To Radius — — — 90.0 10. ooooo 
So true Departure———— j. — 1.60959 


To Tangent of the Courſe 29.56 — 9.76011 
gent 5 * 


* 
2M 
7 : 
= \ I 
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. "ID? 9.69509 
To the Departure n 7 9 1. 609 50 
So is Radius — — 90.0 — 1900000 


Tothe Diſtance made good — 81.6 — 1.9110 


Or the Diſtance may be found thus, by Oaſe-the Fourth 


of Oblique Plane Trian 
In the Okli ue Trian e BCD there is given the fide BG 


160, nd the fe DC 28, ind che Angle between them 4; 
— We en e the fourth of Oblique Plane Tri- 


Co. Ar. 


To the Difference of the Sides 70— 7. 84509 


So the Tang: of half the Sum of = 67.3010. an 


To tbe Tang. of half their Difference, 5586. — 10.7 268 
| Hence the Angle BDC is 1719.56. andthe Angle DBC 


1 11 for che Side 5D, which is een Diftance 
made good. 


As Side Of DBC. 1d. am. Cd. Ar. o. 585 13 
To the Side 0025 — 1.4.77 12 
So is the Sine of BCD ms —— 9 

| ——— 


To the Side BD 87. 6 che Dittmer required 1767 173 


— 


But ſuppoſe the Current Had ſet'uporran Oblique'Con 
and a pat Wet, North, or South, 8 
had * more difficult :"As for Example, 


4 Shi 


Quehions concerning Current, 325 


A Shi nile SE. 100 Miles a Day, in a Current that ts . 
N. N. W. z0 Ales. a. Day; 7227 the *. 5 

. flance, Difference 9 made 

in one Day. 3 5 


aT Cmeriea Conflruftion. 


down the T e A BC, as in the fore- | 
gong Rag of 45 D Ln the Courſe 8. E. viz. Fig. 67. 
e of 45 Degrees, the Diſtance 100, 
the Diff erence 775 Latitude 70.7, and the 
ſame as found before; then ſhould the 
but becauſe the Current in that Time 
30 1 therefore ſet off 3 
oath 4, which may . Rule 
Traverſe Sailing Geometrical ; for ſeeing the A 1 
S.E. from C to A, it muſt needs be North Wann 
C; and then ſeeing the Current ſets N. N. W. which. i 
Points to the Northward of North Weſt ; therefore with the 
Chord of 60, and one Foot in A, draw the Arch g d, upon 
which ſet off two Points from g to . and draw 45 which 
is a N. N. W. Line, upon which ſet off 
Race) from A to &, _ 3 — of the Ship at 
Te ½4—— ht ©, her 2 
tude c 43-0 Miles, an Departure 2 Miles, 
and the lch z meaſures the Angle at . 
the Courſe required. 


' Arithmetical Calculation. 


In the Triangle AS 4 Right. angled at S, you have given 
the Hypotenuſe A 4 30, and the Ang] i Lge 
cauſe Adisa NN. Line) to find ASand$ 
the firſt of Right-angled 1 Triangles. 


E bd 


127 As 


17" 


< ue EY 
, 
* M7 
s iz * 
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As Radius“: 90 00. o. ooooo 

To the Hypotenuſe Ar 30— 1.47712 

So is the Sine of the Angle at A 67 30— 9.90567 
e 


N 
{ 
t 


As Radius 22 90 00. 10.00000 
To the H potenuſe —— 30— 1.47712 
So is the Sine of the Angle at d— 22 30. 9.58284 


— — 


The Leg 84 27. 5 equal to q B, ſubtracted from the whole 
Difgen af Latte CB * leaves Cq the Ln Diffe- 
rence of Latitude 43.0; and the Leg 8A 11.5, fubtracted 
from the whole Departure 70. 7, leaves 59.2, the true De- 
-partufe':” 3 ou may find the true Courſe and Di- 
ſtance by Caſe the ſixth of Plane Sailing. ? 

As Difference of Latitude || — 43 0 1.63346 

Jo Radius. k⸗ñ»vñß‚ʒAç! 9 --10.00000 
So is Departure ...- 2— 1.232 


> 


. 5  — 


| To the T ang. of the Courſe 54 10.3886 


1 
* 


As Sine Comp. Courſe 8 C. — 540 — 9.76921 
To Difference of Latitude 43 .— 1.63346 


— — — 


The true Courſe is 54 Degrees from the South Eaſt- 
ward, or South Eaſt near three quarters Eaſt, and the 
Di.iitance is 73.2 Miles, OY 


9 ® 
CATH: 
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C A 8 E U. Cur SAILS 
ik Carre $006, given, to find the Courſe and Motion 
of t 


A Ship fails (by the Compals) 8. by E. 26 Miles, and 
then arrives at a Place which is known to bear from the 
Place ſail'd from 8. E. by 8. 54 Miles, (having re 
ceived by an unknown Current) I demand which. Wa 
Current ſets, and how faſt, ſuppoſing the Ship to 2a by "7 
the Log 4 Miles an Hour ? 


| Geometrical Conftruftion. 


In this andall other Caſes of Currents, a2 
well as Plane Sailin ing, , Traverſe, &c. draw the Fig. 68, 
the North and South Line AB, and ſet off the 
_ Courſe ſteer'd S. by E. and Diſtance 36 Miles from A 
to C; then ſet off alſo the Courſe and Diſtance made 
54 Miles S.E. by S. from A to D; Then becauſe by the 
Courſe fteer'd * the Compaſs, and Diſtance run by the 
Log, the Ship ſhould have been at C, but is found at D, 
therefore I am ſure there is ſome Current hath ſet me in 
the ſame Time from C to D, therefore draw the Line CD 
for the ſet of the Current, which meaſured will be found 
to be 25 Miles. And the Aon ACD accounted from the 
N. by W. Point (becauſe the Line CA is a N. by W. Line) 
will be found to * 11 Points from the N. by W. Eaſt- 
wards, viz. E. S. E. o Deg. 9 Min. Southerly, for the true 
Courſe of the Current by the Rule laid down in Traverſe 
of Fa Geometrical for laying down Courſes by Diſtance 
of oints. 


Arithmetical | Calculation. 


In the Oblique e Triangle A CD, you have given 
Side A C 36 Miles, and the Side A 54 Miles, and 
Angle between them 2 Points, or 22d. 3om. (being 
Dj between 8. by E. and F. E. by 8.) to 

14 Angle 


328 DOneftions rontur ning Currinss, 
oblique plane Triangles. N 5. — 
o e 
As the Sum of the given Sides 9% 8.04576 
To their Difference — 18 — 1.25527 


8 Tang ff Suih of utknown Ages —j8.45 10.7134 
To Tang. of Z their Difference — 9 10. 00237 


The half Difference of the Angles 45d. gm, 
Added to the half Sumi — 78. 45 


The Sum is the Angie A C Dorn on —- 123 54 

which reduced to Points of the Compaſs, is 11 Points, 
O Deg. 9 Min. and that accounted from N. by W. finds 
E 8K, o deg. 9 min. Seutberly, for the true Courſe of 
the Current. | 8 

Then for the Side C D the Current's Race in that 


38 | Co. Ar, 
As Sine of the Angle A CD- 123d, 54m. — 0.08092 
Te the Side AD —54 — 1.73239 
$0 is Sine of the Angle CAD —22 30 — 9.58283 


8 % 4 


To the Side C D required =——25 —— 1.39614 


So that the Current ſet 25 Miles E. S. E. 9 min. Southerly, 
in the Time that the Ship fail'd, by the Log, 36 Miles 8. 
by E. and ſuppoſing the Ship to ſail 4 Miles an Hour, ſhe 
would fail 36 Miles in 9 Hours, in which time the Current 
ſet 25 Miles, therefore divide 25 by 9, the Quotient 
23 Miles is the Hourly Motion of the Current, 


CASE III. Courſe and Diſtance 4 od by the 
Ship, and Courſe and Motion of the 24 oven, 
to find the Courſe and Diſtance fail'd ; Or, more pro- 
perly thus, having the Beating and Diſtance, between 
two Ports or Iflands given, and having alſo the Courſe 
and Motion of a Cuftent that lies between them 
given, to find what Courſe to ſteer by the Compaſs 

| or 


n 8 
© 1 * . 
1 


— pay 329 
or how true Courſe to ſteer, 
that ſo the Ab rho 'the Ship may ju ſet her | 
to the deſired Port. 


There ln A and B: The Courſe from B to 
A is South 40 4 Weſterly 80 Miles: The Current 
ſets Eaſt 24 Miles an Hour, a Ship fails 45 Miles an Hour, 
I demand what Courſe ſhe muſt ſteer from > to A, and how 
3 by the Lag before: arrive at A, the Port 


—— — ns 


Dee the N. 2nd . Line BD, andſetof - 
the Courſe and Diſtance from Bto A South 40 fy 69. 
Degrees Vi, 8o Miles from B to A: Then be- 
cauſe the Current ſets Eaſt, draw the Eaft and Welt Line 
AC at Pleaſure, by the Rule laid down in Traverſe failing 
Geometrical, then is the Side AB 80 Miles, and the Angle 
1 oom. given, but yeu have no ether Side nor 
Angle given in the Oblique Triangle. A B U, but you 
have the 12 of the two Sides CA and CB, tor C 
repreſents the Motion of the Current 21 Miles an Hour, 
and B C repreſents the Motion of the Ship thro' the Water 
41 Miles an Hour: Therefore find the Angle ABC by 
Caſe the Second 2 f 


As the Side BC 4 * Co: Ar. 
To the Angle BA C imah—-5 zl 
So the Side AC 24, Or — 2.5 9.39794 


— — 


To the Sine of the Angle ABC—25. 112 9.62898 


The Angle A BC is 25d. — 11m. therefore make the 
a 5 25.11, and draw the Line B C 8 
and then is the Projecton finiſhed, and the 
ABC 25. 11 added to the Angle A B D 40d. = 
Sum 65d.—1 1m. from the South Maſterly, or W. S. W. 
almoſt 3 Southerly, is the Courſe that the Ship muſt 
ſteer ow gits the Foot "ale for the Cu 
rent. 


Then 


330% .J. ueſtions ccni; Currents. 
Tben for the Side BC, the Diſtance faild by the 
Log, — the _ of —— _ A and B 
155d.— 11m. from 1 80d. om. emainder 24d. 49m. 
the Angle AC Eo | 


As Sine of the Angle AC B 24.9 Co. Ar. 0.37705 
To its oppoſite Side BA — 80 — 1.90309 
So Sine of the Angle B ANC 130-0 — 9.88425 

—— —ä— 
To the Side oppoſite B C 146 —. 2.16439 
The Diſtance ſail'd by the Log is 146 Miles, and the Rate 
of Sailing is 44 Miles an Hour, therefore divide 146 by 42, 
the Quotient 325 is the Hour that the Ship will be in ſail- 
from B to A Wen 8 
Now if you would prove the Work, multiply 323 
the Hours that the Ship is in failing by 22, the Miles 
that the Current ſets in one Hour, the Quotient 184, 
is the Mites that the Current ſets in that Time, repreſented 
by the Side AC, which you will alſo find to be true by the 
following Canon, | 


As Sine of BAC — 130.0 Co. Ar. 0.11 575 
'To Side oppoſite B C — — — 2.16439 
So Sine of ABC — — 9.62891 
To Side oppoſite AC — 81.1—.— 1.90905 
Nate, It is neceſſary in this Caſe to know how faſt 
the Ship ſails, for the faſter ſhe ſails, the leſs ſhe need 
lye to Windward of her true Courſe againſt the Cur- 


* 95 Caſe IV, er Queſtion IV, | 

There are other Varieties in failing in a Current, ſome 
of which I ſhall inſtance for the Learner's Improvement 
and Diverſton. +” 


* 


o 


A Current ſits 32 Miles a Day E. N. E. a Ship ſailing there- 
in SE. by the Compaſs, and finds 3 24 Hours 
ſhe is 70"Miiles: ar the Place ſailed from; I de- 

mand upon what Point ſhe hath made her Way good, and 
hnu far be hath faiPdbythe Logg 


* - 4 9 99 — — 
© % $4 * * * * * - 
+ Geametrical Cimftruttion.” © © 4 
, (4 20. 
een: C3 &# BUF "8.2 47 | 


©: 4 


Draw the N. and S. Line NB; and ſet off © 
the Ship's Courſe, ſteer'd S. S. E. 22. 30, and. : Fig. 70. 
draw the Line AC continued ; then any where 
upon that Line, as at C, draw an E.N.E. Line (as. the 
Line DC) by the Rule laid dewn in Traverſe Sailing Geo 
metrical to repreſent the Set of the Current, upon which 
ſet off 32 Miles, the Currents Motion in 24 Hours, from 
C to D, then at the neareſt Diſtance from D to the Line 
AC, (which here happens to be the Length of the Line CO 
becauſe CD. is perpendicular to AC) draw the Parallel þ D, 
then with 70 Miles (the Diſtance made Jin your Com- 
paſſes, and one Foot in A deſcribe the g continued, 
and where it cuts the Parallel Y D as in g, begin the Line 
g E, drawing it Parallel to the Line DC: Then is Ag 
70 Miles the Diſtance made good, E g 32 Miles, the Set 
of the Current E.N.E. The Line AE 62.3 Miles, the 
Diſtance fail'd by the Log, and the Angle E Ag 27d. 12m. 
added to the Angle BAC 22d. zom. the Sum 49d. 42m. 
is the Courſe made from the South Eaftward, or the 
Arch k m meaſured on the Rumbs, gives S. BE. 4 Deg. 
42 Min. Eafterly. | v4 


Arithmetical Calculation. = 
In the Triangle A E g you have given the Diftance 


made good dE 70 Miles, and the on of the Cur- 
rent E g 32 Miles, and the Angle A E g (which hap 


| _ be a Right- angle.) 90 deg.to find the Angle EAg, 
ius. | 


% 
N 


-\ bs 
SY . 
* „ 
* «as x 


* * * 
- . * 


As Side Ag. © I 72 — 1.84 50g 
To Angle & A E:g — 90.0 — I0.00000 
So bide E ? —32— 1.505175 


sg . * an A wed Ne all 
To Angle oppoſite Eg —2½2 — 9.66006 


The Angle EA 25d. ram. added to the Angle B A C 
22.30 the n 2 7 the true Courſe made r. from the 
South Eaſt warde, vis. S. E. Ad. 42m. Eaſterly. 


Then for the Side A E the Diſtance ſailed by the Log. 


As Sine 1 ; — god. om. ws I 0.00000 
o Side Oppoſite Ag 70 — 1.84509 
Sine A 62.6 9.94910 


— —— 


| e Courſe made qo is 8. E. 4d. 42m. Eaſterly, and 
the Diſtance ſail'd b n 1 

And if you would prove the Work by inverting the Que- 
ſion, mY propoling it in the firſt Cale of Current Sailing, 


A Ship ſails 8.5. E. 62.3 Miles in 8 Current that ſets 
E. N. E. 32 Miles, in the ſame time, you will find the An- 
ſwer produces 70 Miles S. E. 4d. 4am. Eaſterly, for the 
Courſe and Diſtance 8 OY 

Note, Although in this Caſe the 1 „ E g is Right- 
angled, becauſe the Current's Race E. N. EK. makes a Right- 
angle with the Ship's Courſe S.S.E. yet in any other Caſe 
it would have been an Oblique Triangle ; but the Rules 
er for Projection and Calculation would have been the 

ame. | | 


Queſtion the Fifth, A Ship ſails 72 Miles a Day by the 
| in a Curtent that ſets 12 Miles a Day, and then 
s that flic hath made her Way good at South Eaft, I de- 
mand what Courſe ſhe hath ſteer d by the Compaſs, and whiat 
Diſtance ſhe made good ? | | 


Geometri- 


— ths Meg — may do it thus: You. fore · ſ 
that in the Triangle A e g when laid down, there will be 
given the Side Ar 72, and the Angle oppalite to it 45 deg. 
and the Side eg 12, to find the Angle e A g, thus... 


As Side Ae — 2 Go, 4: $.14267 
To Sine of the Angle oppuſue A g 45.9.8494 
Side eg —ñ — — 12 —.07918 
3 a | et 1 3% — — 
To Sine of Angle eppoſite g A 6.46 9.0713 
which added to the Angle Age 45 deg. the Sum — | 
ſubtracted from 180, leaves 128.14, the Angle A : g, there- - 
fore having ſet ff 72 from A, upon the Line: A e from 
A to e, at ę draw:the Line „g p make an Angle of 128. 
14 with the Line A e, chis if carefully down will 
juſt contain 12 ſuch Parts, wheredf the Line A e contains 
72, by that Time it is extended to cut the Line A g. | 


Then for the Side A g the Diſtance made good... 


As Sine e A — — Co. Ar. 3 
To Side g — 1.07918 
So Sine of Ag 128.14 — 9.89514 


To Side A g the Diſtance made good 80. 1.9029. 
There 
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334 Queſtions cherung Current. 
Therefore for the Courſe fteer'd, ſubtract the Angle 
eA g 6.46 from the whole Angle given # A g 45, the Re- 
mainder 38.14 is the e © A e the Courſe ſteer d, and 
8 3 | — — inade good. 
Note, In finding the Sine of any Angle above 90 Degrees, 
you muſt ſubtract the Angle (whoſe ine is required) from 
180 deg. the Sine of the Remainder, is the Sine of the Angle 
required, as in the Examp. above, where the Sine'of 128.14 
is required, ſubtract 128,14 from 180, the Remginder 51d. 
46m. ſought in the Table of Sines, the Sine anſwering to 
it is 9.89514, which is alſo the Sine of 128. 14 which was 
required; the Reaſon of which is evident from the Diagram 
at the Beginning of this Book, in which if you account 
128d. 14m. from # upon the Arch 4 908, it will reach to 
the Point , and the Perpendicular x z is equal to a Per- 
icular let fall from 51d. 46m. as you may obſerve by the 
egrees numbred from 5 upwards towards 9o, the ſame De- 
and Minute which anſwers to 128. 14 if numbred from 
, anſwers to 51:46 if numbred from 8, G. | 
And thus much for Plane Sailing in a Current; 2 


more Queſtions might be invented from other Data s, but 
would ſtudy Brevity, that the Book may not be too charge- 
able to the Buyer, ſuppoſing that by a Right Underſtandin 
of theſe Rules the Ingenieus will be able to project and 
anſwer r or Queſtion in that kind; and as for 
Traverſe Sailing in a Current, although I thought to have 
placed it in a Section — itſelf, yet I find it altoge- 
ther needleſs; for the Courſes being firſt reduced to one, by 
the Rules laid down in Traverſe Sailing, the Operation for 
allowing for known Currents, or finding the Courſe and 
Motion of unknown Currents, is the very ſame with the 
Rules here laid down. | [52 c 
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OF 


TURNING 


T> O 
Windward in a "on 


CURRENT. 


= » HIS may ao be Aiwided into * — 
{ Caſes, of which I ſhall ſpeak in . order 3 

but that which is chiefly uſeful .is where 
the Courſe and Motion — the Current is 
given, with the Courſe and Diſtance. be- 
tween the Place fall d from, and the Place 
bound hs” and from what Point the Wind blows, 
and how near the Wind the Ship will make her 
Way good ( for theſe four Things are commonly 
given — known) to find how long ſhe muſt lie upon 
each Tack to gain her Port, ſuppoſing her Rate of 
running or Miles fail'd in an Hour by e Log, be alſo 


given or known. 


Example, 
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* Frample Nen the Firſt. | 


. \t 
Tel two Illands A and B. & „ B 


. pO arg ſets from A to —_ 
Cuth Miles 


with the Wind at at So 2 Feb 564 1 . be — 


and makes her Way pan within 72 Degrees of the Wind, 
and fails four Miles an Hour by the Log, I demand how 
long ſhe muſt lie upon each Tack to gain her Port, and 
wilt ou ſhe —_— 15 ? 


* b 4 dee ade \ 


Draw AB repreſenting the Bearing and Di- 


Fig 72. ſtance of theo two Iſlands, viz. N. go Leagues 
n the middle of which erect the Perpendi- 
cular 4 C, then draw the Line AC, to make an Angle of 72 
Degrees, with the Line AB, and continue the Line AC 
till it cut the Perpendicular 4 C in C, and draw the Line 
CB, ſo ſhall the Iſoſceles 3 ABC repreſent the 
dwo Illande, and the Ship's W without 
lowance for the Current, the Line AC repreſenting 
Ship's Way with her Starboard Tacks 72 
from the Wind, and the Line CB her Way, with the Lar- 
board Taeks aboard to fetch the Iſland ; but becauſe every 
Hour while the Ship fails four Miles by the Log, the 
Current ſets her two, Miles to the Sou ward, therefore 
find how many Hours the Ship is in failing from A to 
C by the Toy 1 order to. which you muſt find the 
Side AC by dividing the Iſoſceles Triangle AB C into 
two Ripght-anpled Triangle Au C and BIC, then in the 
Triangle AD C you have given the Leg A d 45 (being 
half the whole Line A B which is go) and the Angle 
d AC 72 deg.” conf: Yah the Angle A Cd 18 deg. to 
find the Hypotenuſe Cat the 
angeld Plane 7 T — Ly 


fourth, of W 


/ 


9 * 


Quseſtio voncermng Cf M e 
: N | 2 ' 3, 
As Rae 6 Wh Þ 194, oat 
To Side oppoſite a 4 ———— 45 


Sars K&K Na 1 2 —— — 


To Hypotenule A S.. 46. ——— 23 


* 0 
s 4 - 
_—_ 


FW S Kerri Sans needed r 8 
Hence AC is 1451 Leagues or 436 Miles, which divi- 
ded by 4 the Miles fail'd in one Hour, the Quotient 109 is 


the Hours; in which the Ship. fails from A to C; but the 


Current ſetting South two Miles an Hour, tis plain that in 
109 Hours it hach ſet South 218-Miles, or 72 1 Leagues; 
therefore draw the South Line C g, becauſe while ſhe fail'd 
by the Log from A to C, the Current hath ſet her from C 
to g, therefore draw the Line A , which ſhall repreſent the 
true compound Motion of the Ship or Courſe made good; 
but becauſe ſhe is to lye upon that Tack, but only till ſhe 
be got half Way to the Port fail'd for, obſerve where the 
Line A g cutsthe Perpendicular-d Cas in e, and then is the 


Angle dA e 7m. the true Courſe made by 
U— — and the Line A e the true Pitanc 
an 


faikd upon the Starboard Tack, viz. 69.3 
B the Diſtancerfanl'd upon the Tack being alſo 
69/3 Leagues. But to know how far ſhe will have faiPd 


by the Log, by that time that Ihe will be at © by he 


dp of the Current; draw'' e#- C, this Parallel 


all cut A C and Ar | 
Prop. 2. viz" AS'A to Ar, % AC to Ah, hence A L 
meaſured will be found to be 55.5 Leagues, or 166.5 Miles 
ſaird by the Log, which divided by four, the Miles faif'd 
by the Log in one Hour, 5 41+ Hours, the Time to 
ſtand upon the Starboard Tack, and the fame upon the 
Larboard, to fall in with the Iſand at B, SS. 


— * 
— — 100 w 


In the Oblique Triangle A Cg, there is given the Side 
A 436 Miles, and the Side C g 218 Miles, and the An- 
gle included A C g et to find the Angle CAg 

y 
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| _ gf RES Fa +" 
| by Caſe * Fourth of See Angel Pane, Tri: 


10 e 


e — 1 ts." 4. 7:18443 
To Diff, of the Sides. | 2.235 45 
85 Tangof ! Sum of unknown Ang, 36 — 9.8572 


To Tang of half their Difference 13.37 —— 9.38414 


The half Difference 13d. 37m. ſubtracted from the half 
Sum 36d. om. reſts 22d. 23m. "hs Angle C Ag, whichſub- 
trated from the whole Angle d A C 952d. om. leaves — 


le dAe 37m. the Courſe made good. 
Aen. 4 the — Diſtance made good fe: In the 
Triangle Ade you have given Ad 45 Leagues and the 
Angle d Ae 49d. 3 37m: conſequently the Angle A e d 40d: | 
23m. to find Ae by Caſe the ſecond of ene 
Plane Triangles. 
As Sine l 40d. 23m. — — 


To Side oppoſite 141 455 — 165227 
So Radius — 90 0 s- eee 


in — 
To Hypotenuſe Ae 


69.3 — 1 1 
Then for Dit cn by the Log Ai (while by 

Help of the Current ſhe is cartied to e.) 

In the Triangle A e, Jou have given 05 69.3, * 
you have given all the three A viz. A k e, equal to Ag 
odd. om. and 4 1 — He Coma GEL 4 490% 
37m. and + Ae 22d. 2 % Ong g A C, to find the 

blique 


Side A + by S. the e Bene Tui 
_—_ * d ; 
As Sine of de — — * om. &. 4. 092179 | 
To Side RE Ae. — "Ng * 705 

0 


To Side oppoſite 4 th $53 — — 174430 


3 4 « © * 

7 " 1 
gong, 
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— Ut Queſtions.” 339 


The Side Ng the Diba fail'd by the Login 155 
166.5 Miles, which divided by 4, the Mile 
ail'd in = ur by the Log, the Quotient 412 is the 
Hours that ſhe muſt lye upon the Starboard Tack, in which 
Time the is carried by the E Help of the Current from A toe, 
and then lying the — Time upon the Larboard Tack, ſhe 
will arrive at B, the deſired Port; ſo that in 83 Hours, ſhe 
orms the Voyage of 90 Leagues, although upon a Wind 
Cure the Help of the Current, which, had there been no 
rr would one required 218 Hours, oe and 2 


y Clas th Som 
There are two 1 400 Miles N. and S. 5 
each other, x; ha a B, 4 being the Northermg * 
Sbip — or B, herd. tb the Wind at Siuth, 


be gets her Starbear Tacks aboard, ard makes her Way good 
through the Water, within a Degrees of the Wind, a — 
at the ſame Time ſetting South 24 Miles a Day, He ſtood 4 
Days upon each Tack, and then arrived at her Port at B: 

my Courſe and Diftance made good upon each Tack. 


Fig. 7 Js 
Geometrical Conſlruftion. 


Draw the Line AB 400, and at an Angleof 72 Degrees, 
draw AD, and BD, to cut each other in D, and from that 
InterſeQion let fall the Perpendicular D C, which will fall 
upon the Middle of the Line AB, then is the Projection 
finiſhed without Allowance for the Current; but becauſe in 
that four Days that ſhe had her Starboard Tacks aboard, 
the Current had ſet her 96 Miles, ſet off 96 from C to e and - 
h, and draw h kand e g parallel to CD, and where theſe pa- 
rallels cut the Lines AD and BD, as at g and &, draw the 
ek! adn Perpendicular CD in n, and — 


— 


d dw 


— N 
A S _ * p . * * 
* 
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340 ä Dveſtions' concerning Currents. I | 
Interſection at m, draw the Lines Am and B mn, for theſe 


ines ſhall repreſent the true compound Motion of the Ship 


or Courſe and Diſtance made viz. The Angle C Am 
7d. 49m. is the Courſe made good from the eridian 
and the Line A m equal to mB is the true Diſtance fail'd 
upon each Tack, viz. 372.6. e 


AL drithmetical Calculation. 
In the Triangle Ae g Right-angled at 65 u have given 
the Leg Ae 104, ih the Angle eAg Ae 
the Angle A g e 18d. to find the Hypotenuſe Ag. 


As Sine of Age —— — 18d. -om. ——9.48998 
To Side oppolite As —— 104 - 2.01703 
So Radius 


| — . — 90.0 — 10.00000 
To the Hypotenuſe Ag — 336.5 — 2.32705 
Wo \ | h | „ \ 

Then in the Oblique Triangle A g m, you have given 
the Side A g 336.5 and the Side g m 96, becauſe equal to 


Ce, and the Angle included A g m 108d. om. to find the 
Side A . of ke J 50 
| N 


As Sum of the Sides ——— — 432.5—7.36402 
To Difference of the Sides — 240.5 2. 801 11 
So Tang. of half Sum of unknown Angles 36.09.86 126 


To Tang. of half their Difference —— 22.09. 60639 
Hence the Angle g Am is 14d. oom. which ſubtracted 


from the whole Angle 72, leaves the Courſe made good 
C An 58d. Om. Then. for the Diſtance made good. > 


| * Co. Ar. 
As Sine of GA m 144d. om. — 0.61632 
To Side oppoſite gm ——— 96 —— 1.98227 


Jo Sine Agm—— ——10-0 ——— 9.97820 


1 —d — 2.57679 
o Side oppo I. 51679 
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Queſtions concerning Currenty, 341 
The Diſtance made good upon each Tack is 377. 4 Mil-+ 3 
the Diſtance r upon each Tack is A'g and 
B 336.5, the Courſe made good 58d. om. from the Meri- 
A Maſter of a Ship having taken her Freight from an Iſland 
at A, to another Iſland at B, and having his Son aboard 
along with him to gain Experience, he enquires of his Fa- 
ther, whether there was not a Current ſetting upon ſame 
Point between the two Iſlands ; his Father refaſn to tell 
him, bid him obſerve well the Dead Reckoning Outward- 
bound, and alſo Home, and ſee if he could not, by com- 
paring them, find the true Courſe and Motion of the Cur. 
rent: Whereupon the Captain, who knew very woll what 
Way the Current ſet, and how the Iſlands bore each 
other, cauſed them to ſteer away South, and in Running 
270 Miles. upon that Courſe, they arrived at B, and having 
done his Buſineſs there, they ſteered North -Weſt, and Run- 
ning 380 Miles upon that Courſe, they arrived at A. Now 
I demand, How the Iſlands bear from each other, and how 


far diſtant; alſo which way the Current ſets, and how faſt 
ſuppoſing the Ship fail'd always at the Rate of 5 Miles an 


Hour by the oe * p C24 
5 " yo Geometrical Conſtrudtion. 


Draw the North and South Line AC 270 | 
Miles, the firſt Courſe and Diſtance; Fig:54 
then becauſe her Courſe home was North Weſt 
to A, draw the Line AD at an Angle of 45 degrees from 
AC (becauſe if D A be North Weſt, AD muſt be 
South Eaſt, and conſequently make an Angle of 45 
Degrees with the Line AC) and ſet off 380 from 
A to D, and draw the Line CD which repreſents 
the Motion of the Current during the Ship's Sailing 
from A to C and from D to - A; forthe finding of 
which you have given the Side A C 270, and the Side 
AD 380, and the _— Angle 45 deg. to find the 
_ * 2 


4 


F | i W. * 
of - 
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344% Queſtions concerning Currents. 
1 SR 351194 plane Tri- 


As Sum of the Sides 22 650 Co. 4 . 7.18708 
To the Difference of the Sides — 110 ———. 2.04139 
80 Tang. of 4+ Sam. of unkn. Ang, 67.30 — 10. 38277 


| Wong of Z their Differenoe 22. 13 —g.br124 


The half Sum added to the half Difference, makes the 
bigger Angle ACD 89.43. 


Then for the Side C D. 


As Sine 1 ——89.43 Co. 4. 0.0000" 
To Side oppoſite A - ads 1% —-. — 2.57978 
So Sine of C AD | 45 · 0 — — 9.84948 


To side oppoſite CD —— 268. mmm 2. -42927 


The Side CD 268.7 Miles is the Current's Race during 
the whole Voyage: Now to find the —_— and Diſtance 
of the Iſlands, we ſee that in the whole V , out and 

home, the Ship runs 650 Miles, which at 5 Mile. tles an Hour, 
requires 130 Hours, in which time the Current ſets 268. 
Miles, but her Voyage outward bs but 270 Miles, which 
at 5 Miles an Hour requires but 54 Hours, therefore ſay by 
the Rule of Three, if in 130 Hours the Current ſets 268. 7 


Miles, how by will it ſet in 54 Hours; 


268.7 
54 11 
— Isos. 10 I 10 lere 
10748 17333 ( 
13435 11 
1450.8 


The Current's Race while the Ship fails Rod the Log 
from AtoC is 1104+ almoſt, but for Eaſe of working 
we 


— 


Queſtivn concerning Currents, -34 
we will call it 110.8, which ſet upon the Line C D from 
C to B, and draw A B which reprſns the true Courſe 
and Diſtance between the two 2 
which by Calculation, you have given, in the Tri 

ABC, the Side AC 270, and the Side CB 1 10.8, and 
contained Angle ACB 89.43, to find ory Angle CAB, by 
Caſe the Tous . riang] es. 


' 4 0? . 4. 

As; Sum of. eee — 380.8 — 7.41932 
To the Difference of the Sides I 59.2 — 4.0194 
So Tang, of half Sum unknown Angles 45.8 ra 
— — 


To Ting. of half their Difference . — eee 


Hence the Angle CAB. is 7, 21m. the tus Courſe 
from A to B South a hich ' is Nur South Eaft 
9 min, . | WEE 


Then for che Side AB the true "Diſtance between the 
Iſlands. 


| | Co Ar. 
As Sine of CAD — — 22.21 — 0.41992 
To Side oppoſite 8 — 110.8 — 2. 04454 


To Side ME. = — 255 4 — 2.46445 


* true Diſtance between the 'two Iſlands is 291.4 
iles. 

The Courſe of the Current is the Angle A C D, 
found by thc firſt Operation 894. 43m. from the North 
Eaſterly, which is Eaſt 17 Minutes Northerly, and as 
for the Rate or Motion of the Current's running, it is 
found by dividing the whole of the Current 268.7, by 
the whole Number of Hours that the Ship was un- 
der Sail 130, the _ is the Miles _— 
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Hence in Anſwer to whit was 8 the Courſe 
from A to B is S. S. E. od. qm. Southerly, The 
Diſtance 291.4 Miles, the Courſe of the Current is Eaſt 
od. 17m. nnn its Rate or Motion 18 2 1170 
Miles an Hour. 

Now if you would prove the Truth of the Operation you 

may eafily-do it, by inverting the Queſtion, and ſtating it in 
the firſt Caſe of Current Sailing, thus, 
Ship ſails South 5. Miles an Hour in a Current 
that ſets, Eaſt 17 min. Norterly 2 72, Miles an Hour, 
I demand the Courſe and Diſtance made good, and you will 
find it will produce S. S. E, 9 min. Southerly for the "Courſe, 
and 291.4 Miles for the Diſtance ; but I ſhall leave the 
Operation for the Reader's Practice, | 
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5 | Pleafant and Uſeful. *$ 
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= Tho to * added other Varieties 
of Queſtions concerning Currents; but 
SSN this being but an Appendix to a ſmall 
YR Treatiſe, I fear if 1 ſhould proceed, I 
mould exceed my intended Bounds, and 
= therefore ſhall 24d, no more, ſuppoſing that 

| by whatislaid down the engenious Student 
a el Fes to Project and Anſwer any other neceſſary 
Queſtion in that kind : Tal now proceed according to my 
Promiſe, to inſert ſome other pleaſant and uſeful Queſtions - 


for the Reader's Improvement and Diverſion. 
„ the Firſt. 


There is @ round gen or Lak if an eee Diana; 
_ which the Wind is obſer d to blow always one Way, 
. — N the Compaſs is unknown ; upon the - 
Goof hereof are two Ports A and B, Daimetrically oppoſite 
to each ot „7 _ that the Trade Wind blnwing there, 
will be ſome e upon the Larboard Quarter, during 


their er 1 A to B, but how many Points abaft the 
Beam ts the Courſe and Di ance between tbe 


two Ports is pr por lng A Ship at A intending 
for B, was no ſooner got out of the Harbour, but he was 
aſſaulted 


3846 bibo, Uri. 


| et by FH . tho aff a lon 
725 72 e ner; tn kb 
Iyffruments, Charts, | Ji 


2 Digp Th nl 7 


* BY 4% | 0 of * 
ar r. from this Creek, either to the Port failed from, 
or to the Pont bound for: However, here he got ſuch Maſts 
and Sails as be had Occafin for, with a R , and all 
that was Neceſſary to the working of the Ship, but could get 
10 Books, Charts, Inſtruments, or Compaſſes: I demand 
with * he . uſe to guide Be to the, Port at 


Anſwer. 


Althoug at firſt Sight this Queſtion ſeems im ,offible to 
be anſwer d from what is given, yet with a little Conſidera- 
tion it is very eaſy ; the Solution of it is grounded altoge- 
ther upon the Thirty firſt Propoſition of the Third Book 
of ald, where it is prov'd that an Angle in a Semicircle 
is a Right-angle, c. Now the two Ports A and B bein 
propos'd oppoſite to each other, or in a Semircircle, it will 
neceſſarily follow that to what Place ſoever the Ship was 
blown from A, right before the Wind, and put a Shore 
the ſame Wind upon the Beam would carry her to the Port 
at B, as appears by the Fi igure annexed. 


| The Angles ACB and 4DB and AEB 

Fig. 75. are all Right-angles. by the Propoſition _ 
named; and therefore if from A the Ship 

| blown before the Wind to C, tis plain that the ſame Wind 

continui "gs (as is here ſuppoſed) the Wind muſt needs be 

upon the Beam from C to B, becauſe AC'B is a juſt Square, 


or Right-angle. 
Or, Suppoſe the Wind blow from 4 to D, and the 
Ship driven before the Wind is blown aſhore 
1; 


Plaaſau and Ujeful"Quiftions. 347 

at P, it i that (che Angle 48 ) being a fight e) 

the — pr be upon the Beam from being tight Kigſe) 
for the 


and for the fame Reaſon; if blown" before the Wind from 
A „the Wind will be upon the Beam from E to B: 
2 ip the Boos it / e Gr 


3&3 hus N RT 11 Ot = | 
"46.5 IT 


no een On Spe FF 

n ö dint 0 ˙1 
There is a IBN Lake, whoſe Diameter is « 360 Miles, upon 
the Coaft of which ye 2 Parts, A and B, ; wh ere Di 55. 

tance in a flraight Line is 120 Miles, but 

Situation it not known : A Ship at A ſails away Wit a a 
certain Diſtance, and then arrives at another unknown Port at 
L, whoſe Bearing and Diſtance bath from A and B are un- 
komm, and at the Port at L, he takes in Goods for B, I 
demand what Courſe he muſt fur to find the Pare at'Be 


Firſt, Draw the Circle K LMN'to r ba Sd gee, 
ſent the Lake whoſe Diameter X Mor LN Fig. 76. 
is 360 Miles, then aſſume 'any Point in the 
Circumference of the Circle, as at A ; to repreſent the Port 
at A: then with 120 in your Compaſſes, the Diſtance of the 
Ports in a ſtraight Line, and one Foot in 4, the other will 
reach to B, biſſect the Arch 4 B at N, and thro' N and the 
Center o, draw the Diameter Vo L, and at Right Angles 
to it the Diameter X MAH, and draw the Line AB, then is 
the Line 45 B the Chord of the Arch ANB, and Bꝗ is the 
Sine of . We Radius K » 180. Therefore, 


As X — ——— 180— 2.25527 
To Radius — — — OO 10.00000 
So B g equal to half 324ͤuͤ — 1.7785 


To Sine of the Angle Bo g mms — 19.28— 9.52288 


The Angle B 9 19.28 doubled is 38.56, the whole 
Angle Bo A (becauſe the Angles Bo g and go 4, are 
equal.) Now ſuppoſe a Ship at 4 fails T9 8, We 

wn 
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known Port at L, I have.already proyed the Angle & OB 
f e therefore... the Angle A LB is 19.28, be- 
Cauſe an Fort at the Center of a Circle is double to an An- 
ale at the Circumference, by Euclib. Lid. g. Prop. 20; and 
ane if from A 10 L. be Welt,” tis plain that from L. to 
a +; Bhat 28 Min, R221 200 his Courſe 
om 
Or, for Variety, if you ſuppoſe the Port at 8 to be the 
Port fail'd to, and that from A to 8 is Mei, then from 8 
to B will be 7/7 wes Deg. 28 Min. Nor#h as before, for the 
Angles A L. Band A S Bare equal, as is ſufficiently demon- 
ſtrated in n Element in the forementioned Pro- 


ban 


A Fleet of Ships 3 7 8 Wind at 

8 mY S. fails away S. E. 3 Miles an Hour, till hearing of 
rates to the Northward from them, the Commadore 

120 aut a Man-of-IWar a Crufing, who ſails due N orth 
Miles an Hour, for the Space of 11 Hours, and finding 
Pyrate, he (after an Hours Conflict) took him, the Fleet all 
the while Sailing S.E. 3 Miles an Hour. Now I demand 
what Courſe the Man-of-War and the Pyrate muſt fleer, that 
they. may juſt fall in with the Fleet, wi — Altering their 
cr, Jar they ** 7 Miles an Hoes... 


Fig. 77. 
Geometrical Conftruftion. 


Firſt draw the North and South Eine C A continued to B 
then from A) the Place where the Fleet was when they heard 
of the Pyrates) ſet off the 8. E. Line AE; then becauſe the 
Cruiſing Man-of-War ſaird 7 Miles an Hour North, for it 
Hours, viz. 77 Miles: Set off 77 Miles from A to B, alſo 
becauſe the Commadore fail'd 3 Miles an Hour in 11 Hours 
that the Man- of- War Was in Chaſe, and the one Hour that 
he was engaged, in all 12 Hours, which at 3 Miles an 
Hour is 36 iles S. E. which ſet from A to D, then 
is the Commadore at D, and the Cruiſer at B, x HI 
1 


1 8 5 5 A228 


Phaſent eee 1 the 
the Cruiſer lets Gail” 22 Now WW: 
the Line AE is South Eaſt, or 45 ee, U ory 


BAU is 135 Degrees, the Side AB i, JETS | 
e of Ob- 


find the other by Caſe 
ebe Tr * 


— 4338 


As n — 1 7 — 


To Diff. of Sides — — 4] 1. 6127 
So Tang, half Sum unknown Angles— 22; 90. 9.61722 


To Tang. of half Difference : — 33 9.27693 


Hence the Angle ABD is 13.37, and the EVI 
Angle ADB is 31.3, to find the Side BD Fig. 77. 
8 the Second of Oblique Plane Trian- 


| „ Co. Ar. 
8o is 8. — 0 — | —1350-—9: 84 


To Side Do — 1 OY 8 $—=2-0235r 


Alſo e BDE uſt 
be Ute and el 8 wer 


ven, yet their Proportion to each other is given. viz.” Ag 


7 to 3, ſo W 


4475 d. As, 
As Side BE 7.— 9.15401 


To Sine of Angle — BDE — 148.57— 9.71247 


So is Side BBE — — 3— 89.7712 


To Angle oppoſite DBE — ow . — 
„ and DBE 12.46, 


S 
DEB mutt conſequently, be 17, then you he 
N Anges BED and BD E, und the N BD 


9 7 
8 
+ + "— | 
Wi... 


2 — 4 = 
\ \ — — — 1 — "=_P N — — _ \ \ 2 
1 2 — 1 — 25 — 3 "OEM WM... _ —— a "os. * . _— $95 =>: — — = - - 
K * a 0 Þ — f <5 - i 
* * my _ s n | Fs ions - N * = — — 2 —— * 
- R A = 4 of * 8 1 pu - © - 
__ * "FP * 4" - — N —— — ih, — * & _ —_ _— 
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to find the Side B E, the Diſtance failed —— 
- fare he met with. the Fleet. e 2 935 9 Ara 
a As Sine of DEB r Seen — 0.50247; 
To Side oppoſite BD! —— 105.5. — 2.02325 
| So Sine of BDE. — 140 


| To Side oppoſite BE: by" 


$1 — * 
— % — 2.23819 


The hole Angle ABE 26. 43 is the Court from the 
South Eaſtward, or S. S. E. Ad. 1 3m. Eaſteriy the Cruiſer 


muſt fall to fall in with the Fleet, and his, Diſtance 173 
Miles before he comes in with them, which at 7 Mi 


an Hour, would require almoſt 25 rs in which Time 


he vin fe in with Fleet ? 


| Queſtion the fourth, 
Plate 8. Fi ig- 78. 


190 Ships from one Port falls between the South and- 
7 Le agues 
19 8 Diffe. 
rence of Latitude was 30 Leagues more 0 ihe W N A 


„namely 115 Leagues, I 
demand both their Courſes, Difference 2 Latitude and | 


Weſt; the Weſtermoſt Ship's Departure we 
more than the Eaſtermoſt, and the 


moſt. Their Diſtance was 
1 according to eee 5 
: Comical Conftruftion. 
3 the North and South Line GC, and Pe 


_ 


rpendicular. | 


thereto the Line DH, to cut GC at Rig t- an le in E (both 
drawn of Eength at Pleaſure) from the Interſe&tion at E,upon 
the Line DH ſet the Difference of the Departure 47 from E 
to D (towards the Left-hand, becauſe the Ships ſail in the 
South Weſt Quarter) and the Difference of their Latitudes 
made good, viz. 30 from E to C, ſo ſhall D repreſent the 
Weſtermoſt Ship, and C the place of the SouthermoRt, Take, 
as Diſtance r15 Leagues in "your Compaſſes, and ſet- 


1 


ting 


* 
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ting one Foot in D make the Arch at A, and with the ſame 
Extent, and one Foot in C croſs the ſame Arch in A, then 

is A the Place the Ship ſail'd from. Draw the Line AB para- 
lel to GC to cut DH in H, and from C draw CB parallel 
to DH. Alſo draw the Perpendicular AL, to divide the 

Iſoſceles Triangle ADC into two Right-angled Triangles 
ALC and ALD, and then is the Diagram finiſhed. 


Arithmetical Calculation. 
In the Triangle DEC is given, 
The Difference of Departure DE —— 47. 
The Difference of the Latitude EC 30. 


8 find the Angles by Caſe 6, and the Hypotenuſe by 
aſe 7. | 


And firſt for the Uhgles by Caſe 6. 


As DE ä— 4 1.672 
To Radius —Tö f | Fin hue 
So is Ee ——_— — —— 1.47712 


To Tang. of the Angle c me 32-33 — 9.80503 


For the Hypotenuſe DC, by Caſe 7. 


As Sine of the Angle EDC 32d. 33m.—9. 7308 
reer —— — — —86 6 99 


So Radius — — — 10 .o 000 


— — 


To the Hypotenuſe D ——— *55.8—1.74631 


The Iſoſceles Triangle D A C being divided into two 
Right-angled Triangles by the Perpendicular AL, there 
is given in the Right-angled Triangle A L C, the Side LC 
(half of DC) 27.9, the Hypotenuſe AC 115, to find 
the Angle A C L by Caſe 4. EE: frye] 


As 


4 * " fl 
LORE - 
* _ ff K 
N * 
* *.7 
. 


n 
of has 8 935 Pa mA * 
e 


5 _—_— 
+ ww 


A EST 
, Br a : a S 


ee. 
4 e 


Tei L. — — 109 


11 hiv vas of. 8 4D + Net 101 ri: r 1 20. . 


had i 0544 — 113 Ann 9 L Dent 69 

Z -- Yi OTA | fit 4 4 uon Hh is 6] Tl 2.960 

Le ius Wil mol, N 5 560 
þ 110 03 RE. 1 a I-44 


To che Sine of the Angle LA 


e 


Dan 1 21 111 


The Angle LAC 16d. gm: wr ng hens 


the Angle LCA TO AVI Wrekin, 


The Angle CDE is 324. 338 which Fe 0, 
leaves the Angle DOE $76. 4 75 beg — 31 


N 2 14 76 Jr 11 
From the wh 


je DOA (LOA) d. 5 Ride UT 
Sn Ange BOP 5 . 4 


2.0 


The Eck, is « ee CAB; becauſe 
AB and EC are parall Lib. 2 Therefore 
in the Triangle ABC is given AC 115 od Bowe Dos 
the e Ship, by the firſt Caſe of Plane 


* # T 
Dal 98 — 1 — AUD ga on} lo,vm;ti's 
* 


IP 5 
As Radiuns 0 r - 10.00000 


| {0 Pi 2111115? 1 101 
To the Diſtance —ů 15 — 2.06063 


So is Ras Comp. cou — d 9 97695 
Join, 
2.00 


T 1 "4 4 
2 15409744 i 
As Radius © — enen 


To the Diſtance . 2:06069 
56 dine ol che Courſe 1 Jon 9. 50147 


To the Departure BC. — wy ee 


3s TEE 


I be firſt Ship 's Courſe is South — 184. gom. Welt 
To which add the whole Angle DAC—— 28 


—— 


* * - 6 * AT * »L& * _= * * _ 
7 v4 * p x 4 = * = 7 2 * n y * « 4# * =, EY * 
«4 1 p SOS. * £0 * # * " "VS 4 * * , "7 CE P L. * 
1 e i , K 5 
12 | vr OK - | . 
#1 2 - G \ 4 
© * 0 
— = 1 pe 
b * 322 0 
* 
* = 5 nnn 0 
* Fa © as 
* 8 
% x - 
4 1 
\ 
- mr 
- 


_ N 


tl 
L 
d, 


ELF i 0 an 
> L 9 — bY 8 
* 4 as* a * 


* * F 4 1 Fl Jab 
* 7 24 E 4 . 12 , l - 4 A - * 2 0 K 
* 4 * * 1 
ot C 0 * 4 4 2 FT , \ 
- 
* - 8 


The Sum ws the ſecond: Ship bags D 
Courſe "which 
| Soon 46 3 WI Noa Pan i 
From which ſubtract the Exceſs To 8 "I "Wha 4 5 


ual to BO — — — » 7s 


| Reſts the ſecond — Lat. 2 


—— — 


u eee deem u CA gut, 
x." = 1 
To which add B E te Pray Af } os 


Sum i the ſecond Ship's Depart DH TH _ 
zen. Weſt, * 1 


Courſe South 18d. 
Fir Ship's < Difference of Latitude = 19... 
| 8 23 * 5 35. 1 | 2 


7 C Courſe South 46d. 26m. Wet. 2 
$ecbnd Ship! 5 Difference of Eatitude % © - i R 


eli f the Fi th, 


The Diſtance and Diference of Latitude in one Sum 


given, and the Departure ulſo given, to find the Coutſe, 
and alle the — Latizude-and- — — 


2 8 | | 2 rample. 


Let the Diſtance and Difference of Lathbdh dtc 
be 140, and the Departure 79, to form the Triangle and 
find as above. 


$0 ___ Geometrical Conflruttion. 4 
Draw the Right Line XC 140, equal ts 
15 Sum of the Diltance and Diffetence of © WL 8. 
Latitude, and at the end thereof c draw c E. 2 


a, Perpendicular to Ac, 5 "which Set off the” De- 
parture 


424% Vn TT 

Ap 1 * \ PTE” 7 
3 

Wr A ou 


- - — — — — — — —— — — _ — - 
COTE — 5 n e 
. - : % 
g . - rng 
* 1 
« 8 = 
2 
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E from « to d, and draw 4 d, which divide in 
Parts in g ; and from g, erect the Perpendi- 
cular 2 þ to cut #< ſome where in 4, and from 5, draw 
64, and then is the Diagram finiſhed, and ö c is the 
Difference of Latitude ; * 4 ths . and 4 the 


Departure. 
| Demonſtration. 


For the Triangle Ag band dgb are Alike and equal 
( Euclid Lib. x. Prob. 24.) becauſe Ag is equal to g d 
by Conſtruction, and g 6 is common to both Triangles, 


hence 4 is equal to 45, and the Angle g 4 5 equal to 


that of g d b, but the Angle 45 c is equal to both g #5 
eds (Euclid Lib. 1 Prob. 2.) therefore d Ac (g Ab 
is juſt half the Angle of the Gocke from the Meridian) 
and from hence we may form this Univerſal Proportion for 
the Solution of Queſtions of this Data. 


As Diftances and Difference of Latitude, in one Sum: 
: To the Tangent of half 


To Radius:: So Departure 
the Courſe, which Angle doubled is _ the Courſe re- 


quired, and the reſt is found Wr -/ 


Sailing. 
| Example 
As Diftance and Diff. Lat together == 14 — 1610 


So Departure — — 79 — — 1.89762 


7 
— 29 26 — 9.751 50 


To Tangent of 


which doubled is —— — ww 58 52 the Courſe fe- 


quir ed, 
nay 


As Sine of the Courſe —— —— 58 52 — 9.93245 
To Departure —— — — 79 —— 1.89762 
So Radius:! — —— 10.00000. 


— —— 


A5 


To he Du — — „ — 24% 


e 


, a 
* * 
* , 
. 
—- 
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3 4rd, 


1 . 
As Radius 3 c— — 10.00000 
To the Diſtance — — 92.3 — — 96517 
80 Sine Comp. of Courſe — 31.8 —— 9.71351 


To diff, Latitude — — 47] — 1.67868 


The Wound \berecf may be Hüher pcbwöd by adding 
the Difference of Latitude— — 47: 7 


To the Diſtance emu 92: 3 


F 


The Sum is! nn — — + 0 


2greeing with what was firſt giyen, and proving the whole 
to be right. 


Seki the Sixth. 
Diſtance and. Difference of Latitude in one Sum given 

with the Courſe alſo given to conſtruct the Diagram, an and 
find each ſeverally. | 
We refer in this -to the Figure of the laſt Plate 8 
Queſtion, it being the ſame when finiſhed, Fj 1 
Let be given as before, viz, Diſtance and 4. 79 
Difference of Latitude in one Sum 140, and the Courſe 
South $89. 52m. Weſt, to find the reſt, 


Seametrital Conftruction. TRAP 

Dun A 140, and at c ere the Perpenicular ed; at 
Pleaſure, and at an Angle of 29d. 26m. (viz. half the 
given Angle, 58d. 52m ) with Ac draw Ad to cut de in 
d, and to make at A the abovementioned Angle of 299. 
26m. divide Ad in two equal Parts in g, and draw gb 
perpendicular to A d, and to cut Ac in h draw bd, and 
then is The Scheme finiſhed, and the Demonſtration the 
ſame as in Weſtion the Fifth. 


N Arithmtical Calculation, 2 

The Angle c bd is 58d. 5am — c 4 þ i 31d, 
8m. to which add 3 47 0 2 ＋ 5 Ag) 29d. 26m. the 
Sum God. 34m. rr Ade, therefore, 7 
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| | * e e 
As Sine of 40 — 60d. 34M.—0. o 


av 100%, 90D | 1 
f a & — bean, Ye le} Oo 
, 4+ &h5 df N . 

* & 


To Side oppofite — _ — 1 _ 40-—— 214612 


So Sine of 144 — —— 29 26 — 1. 


2 — — 


— — — 79- = 1.89758 


Hay + Oo 


1 
be Dance and Dil ence of 1 b un ws 


lien the Ni. nme, 155 
. Wy Queſtion the Seventh. & 01 


* 


Given all the: three fides, viz. Diſtance, Difference of 


Latitude and Departure in one Sum, the Courſe alſo given 
to form the Scheme, and find each ſeverally. 


Suppoſe the three Sides in one Sum be 157, and the 
Courſe South 32d. Wet. . Matt ha 


4 


1 


9 n 


Plate 8. Draw the Line abcd 1575 and fam 6 


Pig. _ Ber, a e, to make with « d an Angle of 16 
rees (equal to half the given Courſe) Alſo 


"from. 4 510 7 to make with a d an Angle of 45 (always) 
at d, and continue 4 till it cut ae. in . From „ let 
fall the perpendicular ec upon the Line 4 d, divide 2 


into two equal Parts in g, and from g draw g 5 perpendi- 
cular to 4 e, and to cut ad any where, as in 6, and draw 


be, 0 Of Pane ee * 
Wo amb | Demonſtration 


8 The Triangles agh and 25+ are bol (Fue. Lib 
"Be Prob, 24.) becauſe eg is to g aby Cogſtruction, 
and g þ is common to both Triangles, and the Angles 
«gb and 1 are right; therefore 445 is equal to 
gel, but both theſe Angles together, is equal to the 
Angle ebc(. Buck, Lib, 1, Prob. 32.) and ſince the Angle 
4% (gab) is half the given Courſe by Conſtruction; 


6c is the true, Courle, / — equal to 
bs 


* 
8 
„ & ” 


; | 
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b a the true Diſtance, and becauſe c d is the Remainder 
of the whole Line that ineludes all the three; the 
Departure muſt be equal to it, and therefore the Line 
de is drawn at an Angle of 45 with d (d c). becauſe , 
ec is to be equal to d, and then is @ b ove equal 
to b , and b © is the Difference of Latitude in the Queſt- 
ion ; Alſo ec is equal to cd, becauſe their oppofite 
Angles. are equal; Therefore 'the three Sides of the 
Triangles h # is equal to Ray _— Line a d, and the 
Angle eb c is equal to t en Courſe. 2 Degrees, 
which was to be demonſtrated. * . 


Arithmetical Caltulation.  ____ + 


We may obſerve, that the Angle geb equal as 20 5, 
is half the Couſe, and h 2 c is the Complement. of the 
Courſe, and ce d is an Angle of 45 Degrees, and theſe 
three include the whole Angle 4 e d in the Triangle-4 ed, 
from whence we vey Peru, this general Proportion, for 
all Queſtions of this 

Add half the Courſe, the Complement of the Courſe, 
and 45 Degrees together, and fay, 

As the Sine of thoſe three Sums, to the Sum of the three 
Sides ; ſo the Sine of half the Courſe, to a fourth Term. 
And as Radius, to that fourth Term, ſo Sine of 45 to the 
Departure. 

The Courſe being given, and the Departure thus found, 
the reſt may be obtain'd by the common Caſes of plain - 


Sailing. 


Example in the preſent Queſfion. 5 f 

+ 
Half the Courſe g eb equal to £4 b — 6 0. 
Complement of the Courſe 572 $$ 0: 
Angle ce d equal to de — — — 15 0. 


Sum is the whole Angle e411: 0. 


1 Maa nn Wo 


”- & + 2 ks 


u 2 
* 


0 - 
. a ® - — | bs lod = 8 
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3 4 * s 6 : A 

* . o 

1684 K A l — 1er 3 = 4 „ 
* A * . * — — „ ab — 2 # 
at an eo RES tt 55; 
* 
e 


So Sine of the Angle a — . 16.0; =——— — 9.44033 


To Side oppoſite 4 — 94.5 . 1.69441 


Then in the Triangle e c d. 


3 — — — — io. oocoo 
O „ — — —— 4 5 — 1.6 441 


— — 


In the Triangle #5c is given the Courſe 5. 32d. om. 
and the Departure ec 35, to find the Diſtance 5e. 


As Sine of the Courſe 32d. om. — 9.72421 


To Departure — — 35 — — 1.54389 
| So Radius —  _ — —  I0,.0000 


Gemma © 


To the Diſtance 5 # am = 66 wn — 1.81968 
For the Difference of Latitude. 


As Radius — — — cs 70,0000 
To the Diſtance — — 66 — 1.81968 
So Sine Comp. of Courſe — 58d. om. —— 9.92842 


To Diff. Latitude — — 56 — 1.74810 


"Diftance ———— 66 
| Diff, Lat, 3 4 VO 56. 


From 


As Sine of 22d, ——— 1194..0m, ——— 0.05818. 
To Side oppoſite a 1. 1575 — — 2.19590 . 
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From what hath been ſaid, we may deduce a general 
Rule for ſolving all Queſtions, whether in Right-aogled, © 
or oblique Triangles, where the three Sides in one Sum- is 
given, and the Angles alſo are given, vix. 2 
Draw a Line of lergth equal to the three Sides in one 
Sum, and from one End thereof, draw a Line to make 
with the former, an Angle equal to half of any of the 
given Angles ; alſo from the other End, draw a Line to 
make- with the firſt an Angle equal to half another of 
the given Angles ; Continue theſe Lines till they inter- 
ſet each other, then from the middle of each, draw a 
Perpendicular to cut the firſt Line, then Lines drawn from 
the Interſection of the Perpendiculars to the firſt Line to 
the Interſection of the two Lines, drawn from the End of 
the firſt, ſhall form the Triangle required, whether Right-- 
angled or Oblique. - 5s $01 9: $98 OO; 09 


Example. 
Quseſtien the Eighth, | 
There is an oblique Triangle, whoſe three Sides in obe 
Sum is 120, and the three Angles are 40, 60, and 80, 
the Sides are required ſeperately. * 


Ctometrical Conftrudion. 


Draw the Line 3d 120, the Sum of the Plat 
Sides, and from a draw 4 f,, to make with Fi „8. 
ad an Angle of 30 Degrees, vir. half the . 81. 
Angle 60, and from d draw df, to make with 4@ an 
Angle of 40 Degrees, viz. half the Angle 80 continue 
d f, till it cut af in 7; divide Fe and Ja equally in e 
and g, and draw the Perpendiculars # c and g, to cut ad 
in & and c, from b draw b ff, and from c draw /, then is 

. f the Triangle required. RA 


} 


| 
| 
L 
0 


18 Demonſtration. 
For fc b is double to f de, becauſe equal to . 


and c de together, ( Euchd Lib. 1. Prob, 32.) and e fe 
þ 9a 14 | * 


WK . 7 
3 3 25 
o . <8 OW. . 
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is equal to c de, becauſe their oppoſite fides are equal; 
| but: F4 < is 40 Degrees by Conſtrction, therefore Fe 
3s 80 Degrees. By the ſame: Rule F is 60 Degrees, 
becauſe fab is 30 by Conſtruction; therefore 5 fe is 
40 (Euclid. Lib. 1. Prob. 32.) and becauſe 4 6 is _ | 
to h ,, and d equal to ; therefore bc, . and F 6: 

taken together, 3 261 and 1 , 2 
wen. Nie 1 


| Arithmutical 8 


5 * as the fine of ore Angle, added to half the 
other two, to the Sum of the three Sides; ſo half one 
of the other Angles to a fourth Term: Then as the. 
Supplement of the other Angle to 180, to that fourth, 
Term, ſo fine of half the faid Angle, to the fide next. 

| to it, 


E xample. 


The Angle @fb is half Y e, becauſe fob is half 
be by Conſtruction; and 4 / is equal to fab, be- 
cauſe their oppoſite fides are equal, and for the | ſame 
Reaſon Vd is half fcb; but afb with bfx and c f 8 
make the whole Angle 4 fd; then as Sine of 4 - 
Side a 4 (the three Sides in one Sum) ſo Sine of fa A 
(becauſe half of Fe by Conſtruction) to the Side 7 
then as Sine of fc d (the Supplement of fc to 180) to 
F 4, ſo Sine of fd c 40 Degrees to the Side 7 6, which being” 
found, the reſt are _ —_ ne.” | | 


ow 


'F + 7 | 1 | N. Ar. 
* Sine of 274 — - 110d. 0m.» 0.02701. 
To Side ad 120 4—Z5E0ĩ»ͤ— 2.07918 
So Sine of Fad — 30.060 — 9.69697 


— ct 


| To Side Fd mon w—— 63.8 — 1.80516 
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222 
| Sine of % — — 100d. om. 0.00664. 


So Sine 6 fa” — — 40. 0 — 24 

To Side fe — — 41. 7 ER 1 2 
| | Co. Ar. 

As Sine of fbe © n—_— — 50d. om. — 0.0647 

To Side fe — — 141.7 1.61986 

So Sine of a þ cw — 380.0 — 9.99335 


To Side fb — — 47.4 — 1.67568 


Co. Ar. 
As Sine of fe —— —— God. od. 0,06247 
To Side fo — —— 41.7 — 1.61986 
So Sine 4 fo —— —— 40.0 9.80806 

—— 
To Side 5.x — 30.9 — 1.49039 


The Side fb — — — 17.4 
The Side fo — — — 41.7 
The Side 5 — — 30.9 


8 — — 1200 


The Sum 120, agreeing with what was given, ſerves * 
a Proof of the whole Work. 
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For finding the Longitude in any Place 
of the WorLD, any Day at Noon, 
when the Sun can be ſeen without 


any Regard to, or Dependance upon 
the Dead Reckoning. 


HE often attempted', but never ac- 
#1 compliſh'd Work of finding the Lon- 
gitude by an Obſervation is a Difficul- 
ty, Which hath hitherto prov'd Inſu- 
perable, even to the beſt Mathemati- 
cians in England, and elſewhere, al- 
though fince the late Act of Parlia- 
ment, many haye exerted their utmoſt Indudſtry for 
| | the attaining of that End, ſome of whom have been 
{ fo far from compleating their intended Deſign, that 

they have, on ite other Hand, rather rendered them- 
' ſelves and their Works rediculous, by Publiſhing 
ch Improper and Imprgbable Methods, as a 2 

| [ 


[ 


© , 


For finding the Longitude. 767 
Artiſt (if he deſerves that Name) by certain fixed Stars 
choſen for each Time of the Year, &c. 1 

. Whereas" it is evident, that any fixed Star mall come 
upon the Meridian of any Place, at (near) the fame Hour 
of the Day, that the ſame Star ſhill come upon the Meri- 
dian of London, although not at the ſame Inſtant of Time, 
but ſooner or later, 3, 4, 5, or'6 Hours, c. according, 
as the Place is more or leſs diſtant Eaſt or Weſt from the 
Meridian of London: but if there be that Difference in 
Hours as to the time of a Star's coming upon theſe two 
different Meridians, there is alſo the fame Difference in 
Hours between the Time of the Day or Night at London, 
and that under that Meridian ; a South Sun in both Places 
making 12 a Clock ; and *tis very evident that at the ſame 
Time of the Day or Night, that the Star comes upon the 
Meridian of Londen, it ſhall be the ſame Time of the 
Day or Night under any other Meridian, when the Star 
comes upon that Meridian, excepting ſo much as the/Sun's 
Right Aſcenſion is increaſed in the Time of the Sun's pa- 
fing from one Meridian to the other, which will cauſe the 
Star to come ſo much ſooner upon a Weſterly Meridian 
than upon an Eaſterl 4 But this being ſo little, being but 
about 4 Minutes of Time in 24 Hours, or 360 Degrees of 
Longitude, and but 1 Minute of Time in go Degrees, it is 
imperceptible ; and Yet (that ſmall Dale. excepted) there 
is no difference between the Hour of any fixed Star's coming 
to the Meridian of London, and the Hour of the ſame 
Star's coming upon any other Meridian, becauſe the Sun's 
Motion makes the Hours of the Day, and the Star muſt 
needs come upon the Meridian the fame Quantity of Time 
after the Sun in both Places. Indeed, if we could certainly 
know what Time of the Day or Night it is at London, when 
the Sun or any known Star is upon the Meridian of 
any other diftant Place, the Longitude might be eafily and 
exactly found; in order to which let the Maſter provide a 
good Glaſs, which may run exactly 24 Hours, or rather a a 
good Watch, that hath been obſery'd aſhore, to keep a true 
and equal Motion, this warn ſet to the Time of Day 
when 


when you depart from any known Meridian, and kept 
going, will ſhew the Difference of Longitude, that 
you. make whether Eaſt or Weſt; for Example, if 
you fail .Wefbwards, obſerve juſt when the Sun is up- 
on the Meridian, and ſee what Hour and Minute it 
is by your Watch, (which if you fail Weſtward it will 
be. paſt, 12) ſor thoſe Hours and Minutes which the 
Waich is paſt 12, when the Sun is upon the Meridian 
reduced to Degrees and Minutes of the Equator, allow- 
ing 15 Degrees to one Hour, and ene Degree to every 
4 Minutes of Time, and 15 Minutes of Longitude to 
one Minute of Time, ſhall ſhew the true Difference of 
Longitude. | eue "BY 


Note, If you Sail Eaſtward, your Watch will want 
ſomething of 12 a Clock, when; the Sun is upon the 
Meridian, becauſe then you meet the Sun, and have. 
him upon your Meridian before he comes upon the 
Meridian of Lenden; in this Caſe. obſerve how much 
your Watch wants of 12 a Clock, and that reduc'd as 
before, | gives your Difference of Longitude Eaſterly; 
This in general is the Method that I ſhall recommend to the 


But I know it will be preſently objected, that this is no 
new Thing, nor is it PraCticable at Sea; for ſome that 
have attempted to keep ſome Account of their Longitude: 
this Way, have found themſelves in an Error, not finding 
the Difference between the Watch and the Sun, when 
reduc'd as above, to give the Difference of Longitude, 
which they were (for ſome Reaſons) pretty confident they 
had made, and this Error they impute to the Watch, and 
hence have inferred, That a Watch will not go fo truly and 
regularly at Sea as on Shore, by reaſon of ihe Salt Moiſt 
Air that impedes its Motion or makes it + uncertain; 
according to the Variableneſs of the Weather, and 
thereby renders this Method for finding the Longitude: 
Impracticable. nene 

I anſwer, I do not believe at all that this Error 
is to be imputed to the Watch it carefully kept, which 
| = | you 


= 
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- you may eaſily do, if you provide à little Squate or 
1 — about” four . Inches Broad, and have it 
fill'd with fine Cotten, taking part of the Cotten out 
and putting the Watch towards the Middle of the 
Box upon the Cotten you leave in the" Box, and put 
the reſt that yeu took out upon the Witch, and ſhut 
the Box, keeping it in ſome dry Place, 2s in your 
Cabbin, or upon ſome Shelf near your Bed: I Queſtion 
not but a good Watch ſo kept would go as true at Sea as 
a ſhore. r 

But I ſuppoſe the Error which hath been obſery'd, 
and which hath cauſed any to deſiſt from making any 
Attempts to find the Longitude this Way, is for want of 
a a right underſtanding of the Eguation ef Time, without 


which it is impoſſiblegte „ go + ich right, or to 
ſuppoſe it to be ſo iter AF ge 5 . for a good 
Watch, (or Clog Wor e time 1 a but the Sun 
by Reaſon of ſome. Jnequalities in his Motign divides the 
time unequally ; 9 that I ie en and a e Watch de 


ſet together at ſoetimes in ie Tear, zer ie Watch will 
at other times differ % r e ies 16 Minutes 


from the time given by the Sun, yet no Fault in the 
Watch, and therefore it evident that if for 
finding the Longitude you only obſerve the time of 
the Day given by the Watch, without regarding this 
Equation, eſpecially when the Equation is great, as 16 
or 16 Minutes, you will be ſo much wrong in your 
Account of Longitude, as that 15 or 16 Minutes re. 
duc'd to the Equator amounts to, viz. about 4 Degrees 
of Longitude , which is an intolerable Error, and 
might be prevented by allowing for th: Equation of 
. v 
For further Illuſtration hereof, ſuppoſe you ſet your 
Watch with the Sun the fixth Day of Jute, then the E- 
quation is nothing, being in Zondon at the ſame time, and 
continuing there *till the 23d my of October, you will 
find your Watch to be got 16 Minutes behind the Sun, 
from hence (if you do not know to the contrary) you 
might by the foregoing Rule conclude that you had 


altered 
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altered, Longitude 4 degrees Eaſterly, but if to the 
Time Ther by the Watch, you add the Equation 16 Min. 
. the Sum is 1he true Time of the Day by the Sun, and 
proving you io be in the me Meridian chat you were 
. under, when you ſet your Watch, to the Sun, the diffe- 


'rence ip Time and N e the eee of an 
* PAT at all. 
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M. 8. 
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073 OO n 
Suppoſe the Wheel 


An Eaſy Methog, &c. 
This 1 of 'Ti is © 


+ TS. 
59 


round upon the Center & once in 23 Hours 


Ag. 78 
i | . 4 4A C. 78. 
B C, &c. and in the ſame — Time: viz. 23 
Hours, a Snail the ay, from . 
now although the Point A is come to the Plate where 
it was, rang wane hes 990k: yet the Snail wants the 
Space F 4 of a whole Revolution, and will not be got 
to the Top where A is, till A be got ſo far as the Point 
9, which will be about another Hour, and if the Snail had 
moved yet faſter, ſo that in 23 Hours ſhe had got from 4 
to E, ſhe would have been yet ſo much longer in arriving 
at the Top: viz. about 25 Hours; from hence it is plain, 
that the faſter the Snail creeps from A towards 4 
&c. the longer ſhe is in coming to the Top of the Wh 
moving the con Way, and conſequently the faſter the 
Sun moves pom? ** 3 his er Motion ac- 
cording to non of Signs, the longer he is in 
making one Diurnal Revolution; and although the Sun's 
Revolution from the Meridian to the ſame Meridian 
again always determines the 24 Hours, yet it is plain 
from hence that every 24 Hours by the Sun is not exactly 
the ſame cqual Space of Time, which in Proceſs of Time 
makes a ſmall Difference between the Sun and à good 
Watch, and is the Occaſion of the aforeſaid Equation of 
This Inequality of the Sun's Motion preceeds from a 
Twofold Cauſe. | it 

The firſt Cauſe is the Obliquity of the Ecliptick, 
making; an Angle with the Equator of 23d. — 30m. or 
thereabours ;' now the 8 being properly 1 
R 


370 An Eaſy Method * 
lique Circle, the Poles of the Equator, and not of the 
Ecliptic, being the Poles of the "World. and the Cen- 
ter of all Diurnal Motion, the Right Aſcenſion of the 
Sun muſt be accounted upon the Equator: and hence it 
is manifeſt, that although the Motion of the Sun in the 
Ecliptic were always equal, yet his Motion from Weſt 
to Eaſt, or his Right Aſcenſion accounted upon the 
Equator, could not be ſo much, or Increaſe ſo faſt in 
Aries or Libra, where the Ecliptick makes an Angle of 
23 deg. 30 min. with the Equator, as in Cancer and 
Capricorn, where the Sun's Way in the Ecliptiek is Parallel 
to the Equator. © * an cu 


Plate 9g. For Muftration of what hath been ſaid, - 4 
Pig. 79. poſe. the Line 450 to repreſent half the E- 

- , © quator, and the Arch FED, to repreſent 
half of the br now although the Segments A F 
and FE and E D are equal, yet Perpendiculars let fall 
from the Points Fand E upon the Line ABCD, at the 
Points B and C do not divide that Line into three equal 
Parts, from whence it is plain, that the Sun's Right 
Aſcenſion D C is not ſo much increaſed by his Running 
from D to E at fo great an Obliquity to the Equator, 
as the Sun's Right Aſcenſion C is in his Running 
from E to F, where his Motion is almoſt Parallel to 
the Equator ;., and then if his Motion from Weſt to 
Eaſt be ſwiſteſt in the Tropicks, for Reaſons now given, 
his Diurnal Motion muſt be flower by the firſt Demon- 


tion. 1515 e 8 

But a ſecond Caufe of this Inequality is occaſioned by 
the Eccentricity of the Sun's Orb, ( whether we allow 
the Sun or Earth the Motion it matters. not, but in 
this Caſe we ſhall impute the Motion to the Sun) which 
moves in his Orb ſometimes- nearer, ſometimes farther 
off from the Earth, by which Means although the 
Sun's Motion in his Orb were always equal, yet it 
would appear to us to be ſometimes ſwifter than at 
other times from Weſt to Eaſt, and conſequently flower 
in his Diuanal Motion, as you ſee d in the 
following Figure, | | N 1 


„ XG rad 3g Wa 


. — 
- 1 


F Fawn n 


move. in de Cie £8 0D; which' = 
from the Earth its Center at E, bis Motion would 


move, rhe Divifions u 


that the Sun in Capricorn when neareſt | 


in his Aphelion or 


Nearneſs of the Sun's O 


de the Center, 
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@ 5: (5091 ee e det n 
In this Diagram ſuppoſe: the Earth. at 

about which is deſcrib'd the Circle A B CD, which 

is equally divided into 12 Parts, at the Points A. 1, 


2. B. 3, 4 Ce. repreſenting the 12 | 
themſelves'are' equally divided. - Now | 


4 


Fes 


; 
q; 
N 


regular and certain, but the Earth 


Center of the Sun's Orb, m the Dit iſion of the 
Signs although equal in themfelves, to appear une- 

to us: for the Muftration of which, ſuppoſe the 
un to move in the u Circle, marked Y 
n, &c. whoſe Center is at the ſuppoſe 
the Earth at the Center of the other Circle near the 
Mark E: now although with ref the Center 
E, the Diviſions or Lines drawn from thence ate 
equally diſtant, yet theſe Lines continued to the 
uppermoſt Circle in which the Sun is ſuppoſed to 


that Circle are very 
qual, and therefore the Sun's proper 
Motion ſhould be always equal, yet it is very plai 
| e Earth 
pear to us to run more fwift, than when in 
Diſtance from the 
— of 51 . tne Si 
hey are te: but appear ſo to us, 
| to the Earth, 
Points Y and are Diametrically oppo 
other, ſuppoſing the Eye at the Center 
FN ? th : 
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but ſix Signs, and the 
which contains alſo ſix 
divided upon that Circle, 


Note, I am not 
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tical z for which way ſoever it be, this Demonſtration 
ſerves to Illuſtrate what I am now n, as to the 
Rquation of Time; and to let the Reader ſee the Rea- 
ſons thereof, which is all that is expected from this 
Diagram. | | 
No the Occaſion of this Equation being Twofold, 
as is proved, it is plain, that when both the Inequali- 
ties tend one Way, it alters the Equation faſter, as a- 
bout the middle of December, when the Sun is neareſt 
the Earth, he appears to move faſter from Wt to Eaſt 
by the laſt Demonſtration; and alſo Running then almoſt 
2 to the Equator, his Motion according to the 
Succeffion of Signs, muſt be ſwift, by the ſecond Demon- 
ſtratton; and therefore his Diurnal Motion or Revolution 
from Noon to Noon, muſt require more Lime, by the 
_ firſt Demonſtration, and canſequently the Watches muſt 

— faſter than the Sun; but in June, although that 
Part of the Ecliptick in which he is then, lies nearly paral- 
Tel to the Equator, as in December, thereby Accelerating 
his Eafterly Motion, to our Appearance; yet his Diſtance 
from the Earth being then in Aphelion, helps to retard 
it, ſo that the Motion of the Equation, is not then ſo 
. * 
From this Inequality, as grounded by theſe Two 
Occaſions, are the foregoing Tables of Equation of 
Time calculated, which will ſerve for many Years, 
without any ſenſihle Alteration. Their Uſe is ſo plain, 
that every Body may underſtand it; for find the Month 
at the Top of the Leaf, and the Day at the Left Hand, 
and in the common Angle of Meeting, you have the 
Equation in Minutes and Seconds, whether it be too Faſt 
or too Slow; as the Title [Watch Too Faſt] or [Watch 
Too Slow] DireQs. 


And now for the Application hereof to the finding 
the Longitude ;z- When you ſet Sail obſerve in your 
Table of Equation of Time, how much the Watch 
is too Faſt or too Slow, and ſet your Watch to it, 
and not exactly to the Time of the Day, unleſs it be 
when the, Equation is nothing. As for Example, — 
« | | e 


% 
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Jam bound upon a Voyage any Day, when the 
aug uation found 2 Table is — &y Minutes, and 
the Title [Watch too Slow] I conclude from thence, 
That a good Watch ſhould be Seven Minutes too flow, 
or behind the Time "td a true Sun-Dial, there- 
fore I put my Watch inutes behind the Time 
given by the Sun. As Supy i my Watch at 12 


ray fel re och, 11, or if I ſet it 
8 —.— 3, Sc. and laying 
i exe by, as before di it is fit for the V 
Suppoſe I have Sail'd ſeveral Days to the J#/; 2 
of the Meridian departed from, but whether North« 
wards or Southwards it matters not, finding the Sun 
* n the Meridian, I look at my W and find 
it 16 Minutes a Clock, and looking in the 
* Table, 1 atch- too faſt 12 Minutes, 
I ſubtrat 12 Minutes from 4 Time given the 
Watch 3 Hours, 16 Minutes, the Remainder 3 Hours 
4 Minutes, reduced as before directed, gives 46 Deg. 
o Min. The true Difference of Longitude; but if it 
had been too ſow 12 min. vou erer 12 min. 
to 3h. 16m. Se. 


Note, If you ſet your Watch exaAily with de Bes 
when the Equation is nothing, it will always after 
that hold the 9 we in the Table, whe- 

and the ſame Quantitiy, (if 
your Watch -go right) ) and that is the Reaſon, that if 
you ſet your Watch when there is Equation, - you 
muſt give it the Equation anſwering to that Day, 
3 E ANEIARIAY 
| uation. 


If any Body will objeft, that if 2 Watch proves 
wrong and erroneous, it may aer te Longiude, 
be contracted in this Way of finding 
. to the Slowneſs or — of 


I anſwer, hin Lade crap; butncrenhelels whey 
2 
3 
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good Workmen, and fold. to a Gentleman for good 
and ſubſtantial, -- it is commonly expected that they 
ſhould anſwer the End for Which they are made 
and bought; and if We will ſuffer this Objection 
to prevail yet farther, I anſwer, that with reſpect 
to the Latitude, it may as well be urged, that if our 
Quadrants, Fore-ſtaves, or other Inſtruments for that 
Purpoſe were made wrong, we ſhould be much de- 
_ ceived in our Obſervations for the Latitude, and 
how few upon ſuch Suppoſitions will Fooliſhly 
from the Uſe of thoſe Inftruments for attain- 
ing the Latitude; nay, ſo far- are they from that, 
that when they find an apparent Fault in a Qua- 
drant, they will obſerve carefully what the Fault is, 
whether Northerly or Southerly, and how much, there- 
by, to regulate their future Obſervations z and when 
is done, you fhall rarely nd whether there are many 
Quadtants, or many Obſervers aboard of one and the 
ſame Ship, and Obſerving at one and the ſame Time, 
that all their Obſervations fhall be exactly the ſame, 
but differ ſometimes 6, 8, 10, or 20 Minutes, or ſome- 
times more; and yet theſe Differences are thought to- 
lerable, and the Mariners continue to uſe theſe Means, 
and in a great Meaſure to truſt to them notwithſtanding; 
for we muſt fiot expect to attain to Inſalibiliey in any 
| Reſpe&t, whilt ' we are Traverſing this Teraqueous 
+ Globe Not that I would adviſe any Body to be 
| too credulous, or to take either Watches, or other 
48 
if 


the Report of another, unlefs you know you have great 
Reaſon to depend upon the Credit of them that fo re- 
commend them: But if you think to make uſe of this 
Method for finding the — at Sea, take a Watch 
along with you, that you have bad ſame; Experience” of 
aſhore, and if you have found that. your Watch has gone 
. well aſhore, and yet fear, that for. the Reaſon before 
mentioned, ſhe may not go ſo well at Sea, take her 
along with you upon ſome ſhort Coaſt Voyage, where 
can every now and then obſerve whether ſhe: kerps 
true Motion at Sea as well as aſhore, and if — 


oy 


4 


* Fer finding the Lougitude. 
.find- that Fo th our keepi 
fully, as before directe Fs Eur ge of 9 
Air, does (as ſome ſuppoſe) retard her Motion, you may 
uſe means to quicken her Motion as much as to ro 
terballance her Dulneſs occaſion'd by the Sea-Air, if 
any ſuch, thing be, tn cannot ae if ſhe be 
kept and as before directed) and by this 
Means 1 do not wetten, but that this Method for 
finding 'the Longitude might be render'd as £4: and 
practicable as the common Methods now in Uſe, - 
finding the Latitude by Obſervation, a Thin 

firable, and therefore e to de as courage, an 


in practice. 
r know it is argued by Sailors, 200 wi . Re 
ſon too) that i in Places near the 


grees of Latitude rg Longitude are N near! — 2 os 
= that the Mercator's Chart and "Plain Chart are 
much alike, that Longitude there need not be much 
ded; but the greateſt Neceſſity for it, and 'Diffi- 
hang in anzining_ 3 is in Places nearer the Pole, 
eſpecially above Degrees of Latitude, where à De- 
Free of Longitude contains not half To man Miles as 
2 9 of Latitude, which makes the Work more 


I anſwer, for the Encouragement of thoſe that would 
put in Practice what is here deliver'd, that the nearer 
the Poles that you come, and conſequently the lefler 
the Degrees of Longitude are, the moee practicable is 
this Method, and the leſs the Errors that can be ſup- 

ſed to be contrafted; for in a few Miles Weſting or 

aſting in Latitudes above 60, where the Degrees of 

ngitude are not half ſo much as a Degree in the 
Equinoctial, you may much more ſenfibly and appa- 
rently diſcern your, difference of Longitude there than 
nearer the Equinoctial. I have been my ſelf running 
5 or 6 Knots due Weſt in Latitude 72d, 30m. or there- 
abouts, (T do not exactly remember, but it was in com- 
ing from Archangle, Sour the North of Fin- 
mark, the Cape it ſelf lies in Latitude 71 22in, and 
we did not make the Cape coming Home) and in 24 
Hours running, I _— ſenſible diſcern _—_ 

4 


5 
* 


376 An Eaſy Method, - &c.- : 
had gained about half an Hour: So that when the Glaſſes 
were out for 12 a-Clock, (which we had formetly expe- 
rienced to be very right) it wanted about half an Hour of 
12 by the Sun, as near as I could compute, having no 
Help but the Ship's Glaſſes to compute it by: The T ruth 
of which is alſo evident; for in Latitude 72d. 30m. there 
is but about 18 Miles to a Degree, and if we run about 
135 Miles that 24 Hours which might be done at the 
Rate aboveſaid, it would anſwer exactly to jd. — 30m. 
of Longitude, which is juſt half an Hour in Time; and 
hence it is plain that the Difference of 8 by this 
Method is more percep:ible in great Latitudes than near 
the Equinoctial. | vin 
And that the Errors here contracted are alſo leſs, is 
as evident: For fuppoſe your Watch to be wrong by 
4 Minutes of Time, this 4 Minutes, I confeſs, is a De- 
gree of Longitude in all Latitudes, and in that Reſpect 
the Error is equal in all Latitudes: But when the Lon: 
gitude comes to be reduced to Miles, ſuch whereof 60 
makes a Degree of a great Circle upon the Earth, you 
will find that a Degree at or near the Equinoctial, is 
about 60 Miles, and therefore an Error of 4 Minutes 
in Time begets an Error of 60 Miles near the Equinoc- 
tial; but in Latitude 72d. 3om. aforeſaid, where there 
is but 18 Miles to a Degree, an Error 'of 4 Minutes of 
Time begets an Error of but 18 Miles in Diſtance; and 
further North, where the attaining of Longituds is 
yet more difficult, the Errors contracted by this Ope- 
ration will conſequently be leſs, an Error of 6 Leagues 
being as diſcernable in Latitude in 72d. 30m. as an Error of 
20 gues near the Equinoctial; ſo that although 
Sailing near the Equinoctial is commonly reckoned the 
eaſieſt in all other Caſes, yet by this Method the moſt - 
difficult Caſes are become the moſt practicable and eaſy :. 
And I think 1 ay without Preſumption, entitle it as 
uſeful an Help for finding the Longitude as what has yet 


been offered, and may be very Aſſiſting in that uſeful Sub- 
jeR, till A the deſired Compleatment thereof be 
accompliſhed. 4 
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—— 5 HAVE Rs —— Part 2 
treated upon the Projection of the Sphere, 
aud Spherical Trigonometry Right An- 
el gled and Oblique, hich ſerve as a 
* good Introduction to this in 
which I ſhall lay down all that Part of 


*- . Aftronomy, that is neceſſary in Navi þ 
1 conclude the Whole. * 


82 er. I. 
Plate 10. Fig. 111. | 
Aftronomical' Definitions. 
' I ſhall bring the Definitions under theſe five Heads, 
1. Points, 2. t Circles, 3. Leſſer Circles, 4. Arches of 


Circles, 5. Angles. 


<= 
1. Points. — 


The Zenith is the Point directly over our Head: as Z, 
and the Nadir is the Point oppoſite or directly under our 
Feet, as N. 

The Poles of the Equator (commonly called the Poles 
of the World) are the North Pole P and the _ * 
8, and the Poles of any great Circle is ev 


Degrees diſtant from it, Art the Poles of the E e Pack 20 
are in the Point cc, &c. 


2. Great Circles. 


The Azimuths are great Circles, that interſe& one ano- 


ther in the Zenith, and cut the Horizon at right 3 
5 ZO RN and 2 4 NM. he 


| 25 * es he 
er the North dere OY the 
as . . = the Ecliptick cup the Equator at 
e , the e ede ie the 
Eaſt and Weſt Azimuth, as Z & mo 
ridians af great Circles” paſſing from 
the Primitive PES P, or — i © Circ 9 AS, 
or the Obliq que Circle '© 8. Kc. Meridians and 
Azimuths are infinite. Si | 


o me | ot 7 1 qo Giroles, D 
Leſſer Circles are commonly alle EE 
becauſe. they are rally Parallel to ſome great Gade 


thus the Parallel o — EO i; ſo called, be- 
cauſe it is Parallel to rhe Equinoctiaf; whence the 
Declination is reckoned either North or South - 
The Tropick of Cancer is a Purallel of: Deelination 2 30. 
zom. diſtant from the Equator Northward, and the Tro- 
pick of Capricorn at the fame . Southward from 
the Equator. 

The Parallels of Altitude (b by Gm called Almi- 

s.) Dare leſſer Circles Pa to the Horiaon, as 

5. The Artiek Circle is Parallel, to the * 
diftant from it 66d. 30m. Northwards,. and the Antar- 
tick Circle is the ſame Diſtance Southward from the 
Equator. The two. Poles of the Ecliptick are in 
theſe two Circles. 
Nee Arches of eller: nd We aver made Parts of 


ed vie baile: Archer us. 


Ee . Altitude is an Arch 4 an n 
8 . the Sun ang. the Horizon, as 


Sun's Azimuth is an Arch of the Harken, that is 
contain'd between the Azimuth that the Sun is in, 
and the Meridian (North or South) thus H R is the 
Sun's. Azimuth from the South: When che Sun is 
aN ni. ! & % 8 


Of Auron. 379 
. ( the Azimuth 2 ON whatever his, Alti- 


tude be. . en bas A mrs 

Sun's Amplitude is the Diſtance that the Sun riſeth or 
ſets from the Eaſt or Weſt, or. if you will from the North 
or South, and is an Arch of the Horizon contained 
between the Point Where the Parallel of Declination, 
that the Sun moves in, cuts che Hortzon, and the 
Eaſt or Weſt, North or South Point of the Horizon; 
thus when the Sun moves in the, Parallel & OV it 
riſes at d, and the Arch A is the Sun's Amplitude from 
the Eaſt or Weſt, and the Arch 4Q' is the Amplitude from 
the North. Wn | | — 1 were 

Nate, The Sun's Amplitude is always of the fame 
of the Equator con- 


South. I ML ALOS.. ILSS 
Right Aſcenſion is an Arch" I 
tained between the Beginning of , Aries and that Point 
of the Equator where the Sun's Meridian interfeQs it, 
as 4 T is the Sun's Right Aſcenſion when it is 
any where in the Meridian P@TS; but in Aſtro- 
nomical Operations, the Diſtance between the ſaid In- 
terſection, and the neareſt Equinoctial Point is the 
Rig Aſcenſion, and then it can never exceed | 90 
egrees. | ve 
Aſcenſional Difference is an Arch of the Equator 
contained between that Point of the Equinoctial, that 
riſes with the Sun and that Point that comes to the 
Meridian with him ; thus the Point A riſes with the Sun; 
but the Point » comes to the Meridian with him, therefore 
An is the Aſcenſional Difference. 

Oblique Aſcenſion is an Arch of the Equator contained 
between the next Equinoctial Point, and that Point of 
the Equator that riſes - with the Sun, and is found by 
adding to the Right Aſcenſion, or ſubtracting from it the 
Aſcenſional Difference, the Sum or Remainder is the Ob- 
lique Aſcenſion required. 


Longitude of the Sun is the Sun's Diſtance from the 
' neareſt Equinoctial Point, accounted on the Ecliptick 


thus, 4 © is the Sun's Longitude. 


$6 0 
Declination is an Arch of the Meridian contained between 
the Sun and the Equinoctial . 


Angles. 


118 ALY greateſt Declination is * 3 that the 
Ecliptic makes with the Equator, as TA O. and is ac · 
counted 23d. 30m. © _ 

The Hour of the Day is the Angle, that the Meridian 

of the Sun makes with the Meridian of the Place, thus 
the Angle # POi is the Hour that it wants of, or is part. 
of 12, accounting 15d. to an Hour, S. 

The Sun's Azimuth is the Angle at. Z, that is made 
between the Azimuth that the Sun is in, and the North 
and South Azimuth or Meridian of -the Place, as the An- 
gle HZ R is reckon'd from the South ; but RZ A is 
reckoned from the Eaſt Eaſt or Weſt. 


The Sun's e le is an Angle at 4g that the Azi- 
muth, that interſects the Horizon where the Surr's Paral- 


lel of Declination interſects it makes with the Prime Ver- 
tical, if reckoned from the Eaſt to Weſt, as AZ d, or 
4 Z O if reckoned from the North. 

Theſe Angles may alſo be reckoned as Arches of 
great Circles, as the Hour is an Arch of the Equa- 
tor, the Azimuth mM n are Arches of "he 


in, Oc. 


* 1 — 


8 RC. II, 
Alronny Reflangular, | 


Alen moſt of the. 14 Caſes in Aſtro- 

nomy may be repreſented by a Projection upon 
the Plane of the Meridian , which to à great many 
Learners ſeems moſt natural and intelligible z yet 


there are ſome Caſes { ononny in Oblique, that can- 
not 


not be projected upon that Plane, in which Caſes take this 
general Rule. e e wn dh; 1 ered 

When there is given two Sides and. an Angle, make 
a given ſide upon the Primitive, and the given Angle 
at the Primitive; but if two Angles and a Side be given, 
make both the Angles at the Primitive ; and then, if the 
given Side be contained between the given Angles, it 
will alſo fall upon the Primitive ; but if not, it falls, with- 
in; but when three Sides, or three Angles are given it 
matters not which Circle you make Primitive, ſo it be 
generally one of thoſe great Circles, an Arch of which 
Is 2 part, of the Triangle, nor are you 1 obliged 
to have the given Triangle at the Primitive; but it may 
ſometimes be drawn within. 

There are 12 Signs in the Zodiack, their Names and 
Characters are as follow. 

Y Aries, & Taurus, mx Gemini, S Cancer, N Leo, 
IR Virgo, = Libra, , Scorpio, I Sagitarius, y Capri- 
corn, xx Aquarius, X{ Piſces. | 

Each Sign contains 30 Degrees, in all 360, the Num- 
ber of Degrees in every great Circle. 

Note, When it is not expreſs'd what Plane the Pro- 
jection is upon, it is always ſuppoſed upon the Plane oſ 
the Meridian. 2 

Note alſo, when any Problem is referr'd to, it means 
the Problems in Spherical Geometry, annex d to the Ste- 
reographick Projection of the Sphere. 


Problem Is 


Plate 10. Fig. 112. 


Given the Sun's Longitude and greateſt Declination, to 
find the preſent Declination. | 

Sun's Place xx od. om. or Langitude from the begin- 
ing of V 60, greateſt Declination 23d. 3om. 

Draw the Primitive HZ ON, and croſs it with 
the Diameters Z N and H O, at Right Angles (which 
being to be done in all Caſes, I e the Con- 
traction PC; for draw the Primitive Circle and 
croſs it with two Diameters at Right Angles ) draw 
E C the Ecliptick at an Angle of 23, 30, at 14 by 
: ; 8 0 , 


382 Ss | or Aftronomy. 

Prob. z, ſet Ge Tick gitude bv from A to © by Prob. 55 

and through. O draw . Circle 20 N by Prob. 1. then 
is 430 the Triangle required. 

- Here is given the 2 40. the Longitude 60 o. 

and the Angle A the greateſt Dedination 23 30, to find 

— Perpendicular B O, the . Declination by Caſe 2. 


As Radius —— ——— — 10.00000 
To Sine of AG) the Longitude — — Z 8 O0— 9.93753 
So Sine of A the greateſt Dec. 23 J0—— 9.60070 


— — 
To sine of B O the prefent Dee. 20. 12 9.53823 
| Problem 2. 
Plate 10. Fig. 112. 


Given as in Prob. 1. to find the Right Aſcenſion JB; 


here is given the Hypotenuſe and an Angle to find the Leg 
adjacent to the given Angle by Caſe 1. 


As Tang. Comp. JO the Longit.— 60 0 — 9.76144 


To Radius —— ——— .. 10.00000 

So Sine Comp. A the greateſt Dec. — 23 30 — 9.96240 

To Tang. A B the Right Aſcenſion 57 48— 10.20096 
Prob. 3. 


Plate 10. Fig. 112. 


Given the greateſt Declination 2 3 Zo, and preſeat De- 
clination 20 12, to find the Longitude. 

PC let be the Equator, draw E C as in 
Prob. 1. for the Ecliptick, and at 20 12 the preſent De- 
clination, Diſtance from the Equator, draw the Parallel 

nk by Prob. 4, and through the Point where it cis 
the Ecliptic as in O draw the Circle e 13 
then is AQ B the Triangle required. 

Here is given the =o A and oppoſite B 


2. to find ee Hypotenuſe A ©, the itude by 
E 12. , : 
As 


Of Aftronomy. \. . - + _e 
As Sine of A the greateſt Dec. 23 30——9.60070 y 
To Sine of B O the _ Dec. — 20 12— 9.53819 
So Radius —— a — 1 0.00000 


To Sine of 40 the Longitude — —— 60 O—— 9.93749 
Problem 4. 


Plate 10. Fig. 112. 
Given the greateſt Deelination 23 30, and jane 


. ar 12, to find the Right Aſcenſion. 
e BO being the ſame Data the An- 
© are 


given, to find the other 
1323 e IO. | | 


As Radius wap ro. ooo 
To Tang. BO the preſent Dec.—— 20 12— 9.56576 
So Tang, Comp. 4 zreateſt Dec. —— 23 30 — 10.36170 


— —— — 


To Sine A B Right Aſcenſion 57 48——9.92746 
Problem 5. Heat 


Plate 10. Fig. 112. 


Given the greateſt Declination 23 30, * TA Aſo 

e 57 2 find the preſent Declination. 

PCR, and let Æ A be the Equator, and draw EC the 
Eclipii N e of 23 3 zo the eateſt Declina- 
tion by Prob. 3, with de Equator ſet the Right Aſcenfion 
57 from A upon the Equater to B by Prob. 5. and thro' 

eints Z B N draw the Circle Z B M to cut the E. 
aer in the Point © 3 then is AB © the Triangle req 

ere is given the. Angle A and e B, tofnd 
Pim — by Caſe 7. | 


Tang, Comp. 4 greateſt Dec. 23 30 — 10. 36170 
To Radius ——— — 10.00000 
So Sine 4 B Right Aſcenſion —— 57 48— 9.92747 


To Tang. B O preſent Dec. 


20 12— 9.56577 
I "IF Prob. 


of Afronmy. 


Problem, 1 — | 
Plate 10. Figure 112. 


5 . 


— Given the greateſt Declination 23 30, 'and the Right 
Aſcenſion 57 48, to find the Longitude. 


Projected as in Prob. 5 


Here is given the Angle 4 and L. agent 4 B. to 


find the Hypotenuſe 4 G by Caſe 9. 


As Tang. AB right Aſcenſion — 57 48 — 10.20084 
— TI0.00000 


So Sine Comp. A greateſt. Dec. 23 30— 9.96240 


— — 


To Tang. Comp. 4 the Longitude 60 0 — 9.76156 


To Rad 


Problem 7. 
Plate IO. Figure 113. 


* 


Glock 1 Latitude of the Place North, and Sun's 8 


Declination 20 North, to find the n Difference. 


mo alſo Sun 2 ſet —— | Prob. 8 
ngth of Day ight — ——— 9 
Sun's Amplitude - — —— 10 
What Hour Sun is due Eaſt or Wet - —_— 11 


Sun's Altitude when Eaſt or Weſt — — 12 
Sun's Altitude at 6. — — — 
Sun's Azimuth at 6. = — 1 


PC Set the Latitude 50 from O to P, and 
from to S, and draw P S for the Axis of the 
World, and at Right Angles thereto draw Z & the 
Equator, and at an Angle of 23 30 therewith” draw 
E C the Ecliptick ; 2 the Parallel a 9 bcde' di- 
ſtant ſrom the Equator 20d. the given Declination ta 


cut the Ecliptick in O, and through draw the Me- 


ridian PS, and the Azimuth Z © alſo through 


where the Parallel of Declination cuts the Prime Ver- 


4. draw the Meridian P& &, and through 7 os 
0 


l 
| 
l 


— 325 
point where the Parallel of Latitude cuts the Axis P &, 
draw the Azimuth Ze N, aud through the Point where 
the ſaid Parallel cuts the Horizon as at d, draw the Me- 
ridian Pd $8, and then in the Triangle Adh is given the 
Angle 4, the Comp. of Latitude 40; and the Side 5 4 
. by 
E 


To Tank, of — — 30 r 10.057618 
So Tang, of Y the Deen. — 20 —— 9.56 106 

— Shirts. ! G47 3 575 nies 
To ing of Acenurl Dh 25 — 963724 


—— -» - _ 4 


Prob. 8. Plate 10. Fig. 113. 0 det 


To the Aenean, erence what Time the Sun 
Ah | 1 eee, i 


The Aﬀcenfional Difference converted into Time Fry 
ing.ns degrees to an Hour, and one degree to 4 Minutes 

Time, ) gives the Time that the Sun riſes — 
after 6 Sine riſes after and ſets before 6 in 
the Wmter; and at that Rate the Aſcenſional Difference 
25-42 makes x Hour 4zm. Which added to 6 makes 7 

ours 43m. the time of he Sun's ſetting in North Decli- 
nation, or rifing in South Declination; but ſubtracted from 
6 it leaves 4 17 the Time of Sun's rifing in North Decli- 
nation, or ſetting in South, tr. 

Note, Subſtract the Sun's Nn frog 12, the Remainder 
rn La 


"Prob. g. Plate 10. Fig. 113. e 
ne Lngh of the Dey Nig, 


Double the Time of Sun's se ing found by Prob. 8. it 
2 ithe length of the Naeh; ; = double the Time of 
un's Riſing it gives the length of the Day: Then when 
the Sun Rifes at 4 17, that, doubled makes 8,34 the length 
«15 e e 13 doubled 

515 — 
11 Denn Prob. 


* 


9 © 
| 1 2 9 | 7 * * 1 7 2 
Th * : 4 of x} of 3 bn it 
gh. 1 * 


| 144. |} UE — AH 01 1 6c 
As-4ine-A the Comp. Latitude 40. 0 — 9.80805 
Ay of hd the Dedlination—— 20 0. — 9.53005 
18 — IO. 00000 


eee ated oy ga the Lat 


| find what time the Sun 


| * 
"the Hour fromi 6 fs C: 


e 2005 ff — d 
We ts 5 75 = Wy £327"; (3! tu 6} wt 
Pulte 10. N 123. * „dA no 
1 


= 7 * of 
= 4 bat i Gp vs 59UT1TE. : 10 Wy »4\, * V1 
eie drk Amplitude N 


In the Tri e Ad is given, the 
(Camplement--of - ata end Mid bf 
OR MO PR on oy ior HY 


To fine of 44 the darin. v4 9 — 9.72598 


u O. Fo, plitud from. the 8. orth may W uud che 
Triangle 450. where is given 4 P the Co mplement of 
bon 70 o, e less ond 0 


roads 948i 4 $i; 2378 { __ 


_——?;- 0 9 7 
Lat clin. — — 10000 


| Le a . 
To Sine np 40 N a ws * 51 e 


- OW Pla 18. res wt 1 3 


Given he "he Sho L l de des e. 20 00, to 


In the Triangle '#mb there is: given n the Decl ination, WM 
2 hr ike ee 


— 


1 . —— 


T3 
. 4 


I wy 1 
G fmr=s  . ._ = _T..cz 


1 4.— — en ate — be 
Nag Tote Bee . 20 00 = gi 6700 
"So Tang. Coin. A the Latitude * 60 — 55 


To fine A m the Hour POR 1 47 — 9. - 9.480 


«+ 


= Tang A the . Lat. Ell "FS — 1 
, T In 7 — 77 SH3qL06 / 


Taleo f hed, 6 —17, Le or 
Pali 12, | 
Plate 4,10, gore, 113. 
To find the bus Mltituds af ö. 
yn 2 . 7 Rn 


e e 


0 8 * 
LS 32 ————— 22 


"6 


$$ \/» as 
2. n 


or Welt, and n + the Declination given, find the 
the Reader's 


TY „ Of Alimony ES. 


"As Tang Comp: of 4c the-Decligation: 20.0 1043893 | 


ö fine of A the A the Comp. Lund. 40.0 —.— 

ve ru of Z the Azimuth” W OF 10—9 en, N 
Problem WE) 1 

de: Plate 10. Figure. nz.” 


Ces es B's Declinaton and Tie of kunt wn St 
ing to find the Amplitude. 
ppoſe the Sun riſe at 17m. paſt 4 in the Morning, his 
Declination 20d. North, I demand the Amplitude. | 
In the Triangle 45 U there is given the Angle P, the 
Hour paſt Midnight 4 Hours 179m. or reduced to Time 
64d. 15m, and the a dP the Complement of 


Declination to find the Leg 40, by 8. 


N 
o ſine of d e Comp. tion 50 0 9 7298 
So fine-of P, the Hour from Midnight = 4 15 N 


To fine 40 the Amp. from 1 49 9.92736 


Or it may be found by the Quadrantal Triangle 4 4 P, 
in which is given the Angle P, the Hour of Sun's Riſing 
before 6; and dP the Comp lement Declination to find 
Ad the Amplitude from the Faſt or Weſt. 

By a right Uunderſtanding of the Nature of Spherical 


"Triangles, the Latitude at Sea may be, often attain'd ip an 


Afternoon, or Evening, when. þ you. catinot have an Obſer- 
vation at Noon; as in the Triangles 4 i e, you” may by 
" having the Declination Ac. ,and Amplitude 4 given, fiv 
. . the Latitude” the Angle at 4, or, in the Triangle 4 m# 


you ma baving 4 5, the Sun“ Altitude,” when Eaſt 
* y y 8 8 7 


the Complement of ane &c. ad foul lea this to 


— 
* — 


s ers 


8 


mme Place, to find the Azimuth. 


ZP 35 4 98 0 Ar. — — 0.23782 


Azimuth. 


0 Ut 


1 15. r WP $3, 
| Fi 10. Figure 114. Sp BT 
"Given the | ob s. Altitude, Declivation and i Latitage E 


38g. 


* N * 


e 


Latitude 54 40, Altitude 47 48, Declination 26, 12. bo 
PC, ſet the Latitude 34 40 from. O to 
draw PS, and at right Angles therewith draw 125 
for the Equator draw the Parallel of Altitude 84 
at the given Altitude 47 48 above the Horizon, and 
alſo the 2 Decinaton a 2 20 12 rom Ar | 
vator, 3 rough the . Interſe@lon of theſe 1 
1 draw the Azimuth Z Or and the Meridian P © 8 
br Prob 1, and then by the 20 Caſe of domes an 


nangles. 


* * ok 


Comp. Latitude — 2 7 
Comp Altitude 


Er 


35.20 
— — 2 O — 12 


r e 
* we A 147420 


1 dm 73-40. 
Side oppoſite to Ct BS PET Bohr 


— — ; 
Remains 3-52 


I 


Z © 42 12 Sine Co, .ñ] 47s 0.77281 
Sum of the Shiepr7 40 line — ms. 2: — 
8 ren | 

bergen 55 —.— 90108 | 
ubled is 131 50 the Azimuth required. 


Probeem 16. 
_ Plate 10. Fur ITS. 


Giren the Altitude, Declination and Hour, to kind the 


W 


Altitude 47 48, Declination 10 12, and Hour or 
Angle at P 32 12. y 
Cc 3 2502 


396% Of "weiny 
PC 2 nd drow P te an Angle of 
| with the Primitive by em 3, and thereon 8 0 | 
Complement of LP 69 48 from P to 

4% draw de Pltaliet 2 0 be & ſtom (O7. 2 
TRE of Altitude, anick it wil car the Prinvitive in 


en through fite Point N draw the 
0 U irele l 
WF 5 | F 


2025 
80 cl 


| — it mut be ſubtracted from 180, and the 
Reinainder r 32 is the AZimuth required. 
The Trutf or all your Catrularions may be Set 


N roved by Meaſuring the Side or Angle required by 
Ge ven, by Prob. 6, and 7. of Spherical Geo- 


ne Ae born necdles io repeat in all de 155 
Fab 17. | — 
| Plate 10. 16. Figure ff. e | bob + An 


thi the Luce AHiniith, and Hour to find the 
den. 1 4. 
Latitude North, 4 452 the Sun's Dev. by Cate 
Azimuth. 131 $2 
2 — 11 52 Che Er 

Here the Perpendicular mut the Sid 
continued, ch fo a; we K OE nth Sie © w — 
it e. =_y 2 
9. 200 7 — > to 2 5 75 7 the Third bf 
ee ihorical Triangles. 


1 „ 


e c 397. 1 


48 — 


| Comp. 2 P. — (Wat gr 
1 OW. — — nn. 7 25 — rg. 


To Tang, Comp. 27. — _— —g 95918 


TD AO « , p it a6, 7 


| Then by Concluſion the Eighth. | 


oy, — — 


As Sine Comp. 20 79 2 Co. ar. o 45534 ; 
To Tang: PZ 75 mann conn nn” = 20 
So Sine Comp. 8 — 


To Tang: PQ — — = 6g 48 — 1043609. | 


To Complement of Declination being 69 46, the De- 
clination 1 required i is 20 12. 


Fru 16. 


Tue 10. Figure. 15 | a 
Ke dere 9 


Given the Avid, Hour, and. 
find the Latitude. ab ann; 9 
ar INT . T 2 to find the Latitude 
TTY) by Ca the- 11th; 
Ange e of Po ſitior Of —— 27 19.5, tit J N 


Take 1 lement of the greet | "to 180, 
half Sum ſu 2 the Aigle oppoſite to the Side required, 
and proceed as Prob.  » I. oo 50 


EXAMPLE: 


392 3 Of 7 "BY 


Sum — ——— — 5 10 1 39 x 


Half Sum, —ͤ— 53: 401 
| * 27 : 19. 
Lg 


6 . 


zP, et — n 
5 ©, Co. ar. — TT 37 
Remainders. - — 9.64958 
r 

Sine comp. 17.40 — cc — 2.9790 


Doubled, is 35:20 the Latitude, or Side Z P required. 


Thus much for the Application of Oblique Spherical 
Triangles in Queſtions of RE | 


N. B, The Nanber. $93 00008 . 6. Page 141. has its 
Authority from its being t Semidrameter of a Circle F 
Circumference is 360 (the. Degrees; in a fo Circle) and 
conſequently 2 be applied other ways to find; les than 
in Degrees : This I thought fit to ae, % ſome” 
Pamphleteerin 8 ſhould aſſert it to be 4 fictitias 

and gaoundleſs Number, ” ſhall defer any further Account? 


of was Reaſon of - the Steps, in the Operation, left they ſhould, 
— it 2 and call it t 1 own, as an _— was mad. 


Anding the Longitude by ht. An 
* riangle, . 6. Sect. 4. 297 N 1 A it 101 1 


fir Impr Ae of i of 2 Baal, which was Ti 200 above 
2 Before this 2 Author's C ay Was writ. i" 


4 


* 


* — —_— 


la" ABI of the f 66, Land rakes) 
and Spaniſh Names of a and Thirt 
Points of the W * | 


: 
— 4 * 


2 atin Talin panik 
ws Hh. ramontana | Norte - 
agil? |4 di Tramontana Grace Norte 4 a Nord « of 
22 uilo \Tramontana Graco Nerd Nord efte 
E NE N Meſaquile 14,4 Grace Tramontana Mord efte 4 a NM. 
E Borrapelivtes [Greco - " [Nord H. 
E by N Hypoceſtas [4 di Greco Luar Nerd 4 al efte 
NE Cafias [Levante Graco  |Les Nord @ ofte 
by N. ¶Moſecæſias |4 di Levante Græc Les 4 a Nord efte 
q_ — — — — — n______—___ 
af Subſolanus // / 
by 8 7 u Levante Siracco IL e 4 a Sugſte 
SE Levante Sirocco  |L' Suefte | 
Meir rus 44 di Sirocco Levanta rut 4 al efte 
| Nabe zrocco 2 
Hypophornix |4 di Sirocco Oftro Sueffe 4 al Sur 
Phoenix \Oftro Sirocco [Sur Suefte 
¶AMAaſophenix 4 di Oftro Sirocco Sur 4 a Suefle 
Notus Wir © _ 
Meſolibanotus|4. di Oftro Garbina |Sur 4 al Sudeſte 
* |Libonatus JOftro Garbino Sud Sudeſte | 


Hypolibanatus|4, di Garbino-Oftro Wow Veſt 4 al Sud 


Notalybicus |Garbino o Libeccio . | 
* 14 di Garbino Ponente (Sud /t 4 al Oe 
Africus Ponente Garbins Oe Sud Oeft 
Hype icus 4 di Ponente Garbino 0 eft 4 al _—_ 

Ponente E 55 


di Ponento Maeſtro 000 4 al Nord Oeft 

onente Maeſtro Of Nerd Oeft 

di Maeftro Ponente Nord Oeft 4 al N 

aeftro Werd Oeft 

di Maeſtro Tramont Nord Os efte 4 a Nor 

Tramontana Maeſtro Nor Nor Oeſte 
Aae 4 i Tramon Maeſtro Nor 4 a Nor Oefte 


2 Sir George Byn 85 


r -+ off 
ompats. as 


n th 
55 2 * 


Degrees, or within half Degree mor re. 
238 . 10 Leagues W 1 
3 re: (near e W. 8 Leagues. 
oint of Maier eg, 1 8 6 Leagues. , » 


4 > ichen 


o Before Syracuſe. „ee 1 big 
178 e N. half W. 4 Leagues: 
Before [ 
| Upon th the South Coaſt of * it continued 
* 12 and 13 Degrees ; but [ 
Palermo 82 let, n 5 


ö 1 8 ow 


it is abs 17, 
there are 


< TN oi b oodObſervations 1 


| wr | 
For Numbers increaſing in their Natural Order, | 
from an Unit to 10,0% %. 1 
With a TABLE of Artificial Sinks: Tanckxrs, 
and SzcAu rs, the Rapius 10, ooo; and te | 
every Degree and Minute of the Quadrant. | 
NT 1 7 Logar. | TN: | Logar. | 
1 | 9.009900 36 [1 1.531479 | 67 [1.82607 5} 
2 | 0.301030 135 {1.544268 4 68 [1.83 2 309% 
3 10.477121 8.6302 69 1838843 
4e. Sο | 37 [1:368202 | 70 [1.845098] 
| 828 -1 39 1579704] 4 22225 
0.77815 Lies? LE 
— lo 845098 I [1.602060] | 73 [1.863323 
8 |o.gogoago| | a1 [1.612784 14 753% 
9 | 0.954242 4 30 75 I 14857. | 
10 . ooo | 43 | 76 11.8868 i 
ir [1.041393] 4 77 1.886491] 
12 [1.99918t | 45 [1-65 28 [189205 | 
13 [1.113943 [ 46 |t- | 19 897627 
14 1.146128 | 47. [1- 30 1-903090 
15 1.176091 48 81 [1.908485 
16 1.204120 149 82 [1.913614]. 
17 [1.230449 50 [1 83 [1-91907$ 
18 [1.255272] | $1.þ1 184 1.924279 
1.278754 LI 829419 | 
201. 300% % 33 1. $6. 34408 
21 1322219 | 54 1r- 87 {193951 
as |1-342423 155 1*: 88 1194448 
23 1.361728 $6; |1- 89 1.94939 
24 [1.380211 I. 59: 1. 1 [9596267] 
25 |1:397940 58 fl. 4 92. 1.790610 
26 | 1414973 1 2 Een 
27 1.431364 o sse 
28 1. 4% 80 6 | 94 71480 
29 | 1.462398 | | 6 þ 95 $1-977724 
30 [1.477121 | p 4 96 [1.992271 
31 [1.491268] [. | 97 9867 
32 | 1.505150 65 1.872913 88 þ1-991 | 
Hrn 


—A Table of Logarithms, 


2.05 


134 


2.00000C 
2.004321 
2.008600 
2.012837 
2.017033 
2.02 7189 
2.0 5300 
2.029384 
2.03342 

203742 

2.041393 
2.045323 
12.049218 
2 053078 


5 


2.060698 
12.064458 
2.068186 
2.071882 

2.075547 

2.079181 
12.082785 
2.086360 
2.089905; 
12.893422 
2.096910 
2.100370 
2.103504 
2.107210 


2.410590 
2.113943 
1211727 
2.120574 
2 123852 
34 2427105 
135 2 130334 
136 2.133539 


137 2.136721 
138 2.139879 
139 2.143015 
140 2.146128 
1412.149219 
142 2.152288 


* * 


— ——8 


1.000434 


T 4 


2.009020 


2.017451 
2.021603 
2,025715 
2,029789 
2.033826 
2.037325 
2,041787 
2.045714 
2.049606 
2.053463 
2.057286 
2.061075 
2.064832 
2.068557 
2.072250 
2.075912 
— 2 43 
2.08314 
2.08671 
2.0902 58 
2.093772 
2.097257 
2.100715 
2.104145 
2.107549 
2,1 10926 
2.114277 
2 117603 
2.120903 
2.124178 
2.127429 
2.130655 
2.133858 
2.137037 
2.140194 
2.143327 
2.140438 
2.149527 


__—_—. 


OE EI 


[2-004751 | 2. 


2,013250| 


2.022016 


2 030195 
2.034227 


2.018223 


2.042182 


. 


2.040105 2. 


2.049993 
2.053840 
2057666 
2.061 452 
2.065206, 
2.068928 
2.072017, 
2.0762 76 

1 


2.079904 


| 


2 094122 


2.097604 


2.101059 


2.104487 

2107486 +, 
2.111262 
2.114611 


2.112934 
2.121231 


2.1 2725 


2.127752 


2.130977 131298 
2.134177 


2.137354 
2.140508 


2.149835. 
2.152900 


8 | 2.001301 


2.0261 2402. 


2.083503 
2.087071 


2. gos 


2.143639. 
2.146748, 


7 IRE 


3 


2,030600 


* —_— 


2.034528 


2.042575 


2.05038 

2:054230 
2.058046 
2,061829 
2.005580 
2.069298 
2.072985 
2.076640 
2.080266 
2:083861 
2.087426 
2.090963 


2.118265 
2.1215 

2.12483 
2. 128076 


2.134496 
2.137670 
2.140822 
2.143951 
2.147058 
2.150142 


2.026942 
2.035029 


2:0507 66 


2:05 4005} | 
2.0584 Oh + 
2-002 208] 3 
2.065953 
2. 069668 


2.07335 
2.07700 


2.08526 
2.084219] | 
z 087781] } 


2.091315 


1185950 


2.121889 
* 125156 
** 399 


2.14113 


2. 153 20% 


2.153510 


— 


A428 
2. 009876 2.010300|- = 
912914100 2.014520] 41 

2.018284 2.01 8700 Jr 
2 2.022841] 42 


2.03 1004 


432 


49g, 
2038620 2.039017 G 


2.046885 


2.131693 
2.134814 1318 
2.137987] 1315 

310 


2.144263 
2.147367 
2.150449 30 
105 


2.152594 


—_———— 


n 


| 2.125481] 2.125806 


E | 


2,027350 2, 0277 
2.03 1408 2 031 
- 035810 
2.039811 


2.043755 
2.04.7 
2.05 153 
2.055378 
805] 2.059185] 
4; 2582]2 05295302 


2 102090 2.102434 
2. 105 51002. 105851 
2. 1089030 z. 109241 
2. 1122702. das} 


2.11561 2.115943 
2.118926|2.119256]' 


2.12221602.122543 


2.128722] 2. 1290 
2.131939] 2.1322 
2.135133]2.135451 
2.138303[2.138618 
2.141450 2.141763, 
2. 2.14457 41 2.144885 

2.147070] 2. 181885 
2. 150756 2.15106 


2 153815[2. 124119 


2. 995 2. 066699 | 2 * 


| 


| 


| 


2.0199 
2.0240 
2:02 77 
2.032216 
1. 036229 


2.04020 
ng 
2.048053 
2.051924 
2.055760 
2.0 9563 
— 8 


2. 0 
2.074451 
2.078094 
— 081707 
2.085291 
2.088845 
2.092370 2 
2 95856 
2099335 


2.10277 
15765761 


2.109578 2 1099 602. 110253 
2.112940|2.113275]2.113609 


2.116276 


2.1 19586 


2.122871 
2.126131 
2.129368 
2. 132580 
2.135768 


[2.138934 


þ 


2.142076 


2.145196} 2; 145597 2.145818 


2.148294 |2 


3 [2.151370 2. 15167002. 15 1982 
2454424 2.164730 2.155032 


he 7.003407 2.003891 


2,007748[2.008174 


| 2.01199z[2.012415 
12 287605 2 16575 


2 | 2.62056) 2.02077 
2. 8 2.0248 


2.032010 912.03302 1 
2.036629. 037028 
2.0406 
2 04454 2044931 | 
2,048442/2.048830| 3 
2.052309[2.052694 
2.056142. 055524 
2. 12032555 2.050320 
3709. 54083 
by 067443[2.067814 
2.07 1145[2.071514| 30 
2 4 2.075182 | 300 
2.07845712.07881 
2,082067 2155 
2.08;647|2.086004 4 
— 2.08955 
.0927 21124093071 
2.0962 15.090562 
2.09968 . 100026 
2. 1031192. 103465 
2.1065312.106870 


; 


| 


2. 1166082. 11940 
2.11991 / 12024 


2.12319 02.1237 
2.126456 4.12074 


2. 129690 4 130012 
1.139002. 133209 


2.139249. 139564 


| 


? 


2.142389/2;142702 


148603. 148911 


TY ow Cd . 


—— <#ur 


$73[2.028978 | 4ot 


* 7040998 N 


® i ,- "1" 0p, Pri x# 


— 
155 


20442 

162.0 9515 
1632.212189 
16424844 
23 217484 
1220108 


4 x6- (2 +2227 bb 
: 169 2.225309: 
* 8 


vis 2. 232996. 
1722.235528 
17315. 23504% 
57 2. 240549 


A 5 
2 


2.227887 þ 
2.230449 


2.243038 
25245513 
2.247973 
2.250420 
1752.252853 


18012 255272 
1812 257679 
11872 
Eise „262451 
18. 

187 


260071 


2648189 
— 


201397 
20492. 
E. 207095 220730 

2.209785 2.21005 
22124121222 
IC 4 
221774 2.21 2.21 
2.220370 2.22063 42. 220002 
21222976 2.223235 
2.22582 


1 2. 2240 


Deere 2.1. z 


2.158664] 2.3 


4-2.161667|. 2.16196 


1885 1 5 


6412.479555] 2. 22 2.171 145, 

86, #1734 
659217 
7.17926 2737 
1522. 1818 Tee f 2 
ng 2.184691. 
1875 21, 
2.490332; 
136 2.193129 
1571989909 
158498657 
2 f 


261 2.2 


47%] 2.17 
2481 


2.182120 


2183803 2.18 
2.19061 24 2.190 


220167 "an 


2.245 


2.26554 
2.2281 
— 


242 


2.243286 


2.648219 2.248 
2 250 


2.25551 


2.257918 
2.2603 10 
2.262 688 
2.205 4 
2. 26745 


2. te 59 


—2 9222 
2.182 | 


2 7184975 1 70 


2.193030 2.1936 
-2:196176] 2.19645 
2.198932 2.1992 


2.833250 2.233504 
2235781 2.23003 
2.238297 2523854 
2.240795 42. 
62.243534 443781 
2.45759 2. 240005 f. 240252 


4%. 509082. 
2.253090 225133807. 
2.257850. 
2.258138. 
2.260848. 
2.262925 
2-265 290 
2.267641t 


1052 
4 my 


— — 


2,18554 
2.18 1 
[2.19117 


{ 


3. 
1 


1 A er 
2. 2022 10 

2,5304933 
2.207934 
[2.210318 
(2:2+2986| 


4 


2.223496 
512. 226084 
2.228057 
2.231 ay 
©.23375 

2.236284 |, 
2.233799, 
— — 


mg 959 


2,171434].1 
| 2:174351, | 
2.177248 
2. dor aß, , 
2. 2955 | 
2;185823 1.1 
2,1838647 ]. 


* 19423) tt 
2, 197005 | 
1 099755 
2. 20248 


2.207903 
2.210586 
2.243252 1.30 
2.215902 
2.218535 
2.231153] ! 
2,224755 
2.226342 
2.228914 |} 
2. 231470 
2.23 8 s 
2,230537 |: 
4.239049 
2.241546 | 
20 24403C 244030 5 | 
2.246499 | 
2.248954 | 


2.251 ö 
7 755 521 1 
125513 
2 8863 

2.260025 
4263790 8 


i L 2 


ä —————— 


— — 


2.191481 97 


2,205 204 190 


= 
* 
* 


e 


4.159808 
145 + 102865 
| 146] 2.265838 . 2612-167 
e 2. — 2.16967 Nee 
1482.17 2. 72.1723 £1} 2:172603[2;17 
149 227 87 2. 2. — uo 2.175582[2:1758c 
* 159] 2.177536 | 2.177825 [22781 1342178401 478699 
1512.180413 2.4 271 809802. 19 ra 2.1815 5 
1522.183279 | 2.183554 þ2:183840] FE. 284407 
1531 2.186108 e 2. 1800) 42. 78695 62. 78727 "i 
154] 2.188928 | 2;189209 * of 2:18977 — — 381 
155} 3494730} 2:1920t0[2 192289 2.192567j2 | 
156} 2.194514 | 2:194792 2: 195069] 219534 45562 271 
1571897281 2.719755 2779783 1 8 — 
1582.200029 2. 2003503 Z. 200577 2,400830[2.20112 
159 2.202761 2 2030352 20330 J 2% 577.038 
11682205475 2:265745' 120601 6] 8.2065 56 
161.2081722 26841 hg 22044) 8 
| 162] 2:210853 | 2; 211144480 27800 211921 267 
2243518 | 2.213783] 2214049] Z:21431 $1221 4579] 
| 761þ2:216166|:2:216430 | 2.216694] 2.21695 þ} e 
16 12478798 r 562. 2198460 
66 | 3:221414| 221675 5.221938] x.22 259% 46 
2:224015 [2.224474 [2.224533] 2.22479272. 
12:22 '2. 2266982. 7145 281 
229170 2.229426 2.22968 447255 4.230193 2 
175.2374 4.2319 l 
1710234264818 
17 2436789 2.237042. 
1731223399 2.239550 23950 
17 | 242795 [2 242044} 2.24.2 26 
175] 2:244277 | 2.244524 [2.2447 
171 #.246745 | 5.246991 4.247 236 124544 1277 
1771 2.249198 2.20443 2.249697] 2.249936 = 
17h z.25i638| x. [2.232145] 2285230 
179 [2.254064 | 2. 5.354541 2.25494 [2.2 _ | 
18 | 2.256477] 2. 22574 
181 27 2: | 
182 2.261263 
183 [22263636] 2.2 12.2 
18432855 | 2.23662 212.2 
186 12.268344] £,268578 | 2.2688 


— > - —- — 
. — — 4 — — —— — 
2 ————— CR — 


D ſon 


= 
— — — 2 
— © * 4 — ow 
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A Table of Logarichms, 


| 


14 


n 


93285557 


197 
1198 1250865 


204. 309 


219124340444 
22012.342423 | 2. 


. 22112.344392 


{| 22512 352182 


2665 26970 1 


18712. 271842 
1882.274155 
189 2.276462 
190 2.278754 
19142. 28033 
1922.283301 


194, 2.287802 
195 _195/2,290035 
196 f 1281155 


199 — 
2002.301030 
20102. 303196 
202 cg 
203%. 203320 
30 


2052.311754 
2062.313867 


2071 ;. 315970 


2222.346353 
2232.348305 
2242.350248 


2262.354108 
2270.356026 


3 — 


2.269744 2 9 
2.272074] 2.272300 
2.274389 2.274020 
2.25669 2.276921 
2.27898 20 2.279210 
2.281261 2.281488 
2.283527] 2.283753 
2.285782] 2.286007 
2.288025 2.288249 
2.290257 2.290480 
1252775 2.292599 
{ha 294687 2.294907 
2.296884 2.297104 
2.29907 1 2 299289 
2.301247, 2.301 64 
2.303412; 2.303028, 
2. 305 566 2. 305781 
2.307710, 2.307924 
2.309343] 2.310050; 
2.3t 1966 2.312177 
2.314078, 2.314289 
2.316180 2.310390 
2.318272 2.318481 


6] 2.320354] 2.320562 


2.322426 2.322033. 
—— 2.324694 
2.326541 2.320745 
2.328583 2.328787 
2.3 30017 2.330819 


542. 4655| 2.334850 
: 2.336860 | 
2.338855 | 
2.340840 
8470 
2344785 
2.340549] 2.346744 
2.348500 2.348094 
2. 3504422 35063 


[2.344589 


2.352375] 24352508 


2.354301 
2.356217 


2.358125 


2.354493 
2.35 95 
2.358316 


. 

(2.270213 
#272535 | 
3.2748 Ml 
2.277151 
2.279439 
2.281715 
2.283979 
2.286232 
2.288473 
2.290702 
2.292920 
2.295127 
2.297323 
2.299507 
2.301081 
2.303844 
2.305990 
2.308137 
2,310208 
2.312389 
2.314499 
2.316599 
2 318689 
2.3 20769 


2.324899 
2.326950 
2328991 
2.331022 
Tageagz 
2335056 

7339550 
2.341039 
# Sor! 
2.344981 


2.340939 
2 348889 


2.322839 


1 


DSi 


2. 2727 20 


2.27508 
2.277380 


2.279667 


2.281942 
2 —_— 


2.280456 


2. 288690 
2.290925 
2.293141 
2.295347 
2.297542 
2.299725 


| 2.301898 | 
2.304059 


2.306210 


2308351 21 


2.310481 
2.312600 
2.314710 


231889 


4.320977 
2 323046 
2.328 10j5 2 
2.327141 
2329194020 
2.331225 


2.333240 


2.339253 


234237 £1 


2.3432 


234578 1 
23471351 
7 115 19 


2.350829 
2.352701 
2.354084 
2.350599 


2.358300 


2,45402 349 
2.352 Ml ; 


2.35 
2.35; 


#316809, 2 


1335257 
2 337 260, . 


* | 


12257 


61 4 | 


— + —— 


—˖ — —ů — — 


AC 4 „„ — _ 
„ 
from 1 to. 10000. 
* — 


en 


2 270079 
2.273001 
2.275311 
2.277609 
2.279895 
2.282169} 
:2.284431 
1-2: 286681 
2.288920 
| 
20293302 
12.295567 


2317018 
[2.319106 
2.321184 
12.323252 
2.325310 
2.327359 
12.329398 


2.333447 
2.335458 
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8 — 4s 8 Degrees. 


10.85 2 

10 851282 
10.850368 
10.849450 
10.848540 
10.847037 
10 840721 
10.845820 


| 


10.844923 
10 844022 
10.843 123 10.004427 
10 842225 10.0044 45 
10.841329 


10.840435 


10.838053 
10.837704 
10 836877 
10.835992 
to. 835 108 
10.834225 
10.833340 
10 832468 
10 331591 
10 830716 
10.829843 


10.828971110,004723] 


10.828101 
10.827233 
10.826369 
10 825501 


W 


10. 00424 
[0.004265 
10.004283 
10.004301 
0. 00431 


10.00433 


t0.004354 
19.094372 


10.004391 


10 839743 


10 004409 


10.094403 
10.004481 
o. oo 
10.0045 18 
10.004530 
105904555 
10.004573 
10.004501 
10.004010 
10 004628 
10.004647 
10.004666 
10.004684 
10. 04703 


10.004740 
10.004759 
10.004778 


1 9.004797 


q 


10 83284113; 


10.850445 


10.85 5 54A fc 


10.85405 15} 


1085375 
10.852845 


10.85 197 ff 


10.85 085]; 
10.850 199; 


10.84931307J 


10.848430); 
16847549156 
10.846670 40 
to 8457924 
10.844974 
10844043]4/ 
10 843 170 45 
10 842300 44 


10.841431]4:} 


10.8405 65142 
10.839 7%. 
10.838830 
10.837975139 
10 83711553 
10.836257ʃ37 
10.83 54o00fze 
10. 834540035 
10. 8330930; 


10 831992032 
10.831144; 


10.830208 301 


Secant 0 
: 


— 


2 — 85 Degrees. 


700 


5 1 


- 


— 


112 ä 


4 


5190906 
3.191 130[9.994.70c 
3.19193319.99468c 
3.1927 34(9.99466c 
3-193534[9-99404c 
3.19433219.99462C 


3 9.1097 0209. 
3119 1705 19 


Sine 


9.995 1089.178799 
9. 9950899. 179655 


09275 


9:9947 3917-194 78C 


9-9947 1919195606] 
9.196430 
9.197253 
9.198074 
1.198394 
1.199712 


10.825501 
0. 824638 


— — — _ 


10. 823771 

10.822916 
10. 822058 
10.821201 
10.820345 


10.819492 
10.81 8640 


10. 5 


10. 811043 
10.8 10200 


10. 803538 
10.897700 
10,806876 
10,806047 


10.805220 


10.804394 
10.803 579 


10.8027 47 
LO, 801926 
o. 8oi ot 
to. go 287 


— 


ſang: 


(0.005143 
10.005 16. 


10. 00518. 

10.005 20. 

10.005221 
10.005 241 
10.005261 
10.005 281 
10. oo 300 


10,005 340 
10,005 300 
10 005380 


10.004797 
10.004816 
10.004835 
10.004854 
10.00487 z 
t0.004892 
10.00491 1 
10.004930 


0. 04949 
10.004908 


18 04987 
10.005007 
10.005020 
o. oo 5045 
10. 00502 


— —— — 


10.005 320 


Ml 


| 


Secant | 


10.812097 


— 


10.82029t 
10.829454 
10.828611 
tO. 82777C 


10.8260g4 
t0.825,25t 
10. 824422, 
10 82358, 
10 82975) 
10. 821928 
10.821100 
to. 820274 
10.819440 
10.81 8b at 


— 


10. 817 80, 804. 
10.816984 
to. 315408 


o. 9854 


10.813720 
0.812908 


10.811288 
10. t0:8r0481 


10. 8080 


Se cant 


10.8 rung 


10.309076 
10 808870 
10.808067 | 
10. 807266 
1 o. 806450 


10. —. 28235 | 


— 


EU 


US 


| 


81 Degrees. 


[ 


9 * 


amp 


G 


8 4 


* 


* 


— 2 2 


— 
- 


(456) A Table of Artificial Sines, 


wy | Degrees. 


319.1967 1 919-994 560 


| 


| 


999400 
.19592519-994580 


g919.20145119-99443819.20701 3: 


.2022 3419 99441 8 
2030179 994397 


9.209992 994212 
9.2 107609. 994191 
9.21152019.99417) 


9.21305519.9941 29 
9.213818[9.994108 


Tang. 


9.212291.9941 50.218142 


9.214579 9.99408 9.220492 
9.215338]9 9940669. 221272 


9.202159 10.797841 oi 
.19751119.994540 HaOng71 10.79708 10. 05 460 
198302 9.994519 9.203782 10. 79021 10.005481 
1990919 99449919-204592110.79540%10,005501110.500 
10.005521[10.800121]5: 
10.793793110.005541110.799334ſ5 
10.792987110.005562110.798549]51 
10.792183|10.005582[10.7977 
10 791381010. 00560310. 7969834 
10.790580 0.005623 10.796200, 

010. 005643 10.795423 
10 005684 10.794640 
.211815110.788185 10. 00568410. 7938 


9.20781 7 
9.208619 


1r2]9.203797[9-99437719-209420| 
9.994357 210220 10.78978 


9215779 
9216508 


9.217356 


218926 
9.219710 


9.99 40 cl 9. 1997 12 10,80028d[10.005380[10.805668]6; 


10 788982 


10.787 389 10.005705 
10.786595 10.0052 

10.785 802 10.005740 
10.785011110.005767 


6— — — 
10.784221 10.0057 88|10.790008[qc 


10.783432 10 005809|10.789240]3c 
10 782044 10.005829|10.788474138 


10 781858 0 585010. 787709 


10 781074\10.005871 10.286945 0 
10.780290/10.005892\10.780182 35 
10.779508. 0. 005913010. 78542 i) 
Ws 


10.77794 
10.777170 
10 77639410. 005997. 782 30 iſze 


mg 


10.005934{10. 784662133 


—— 


Kr —— 


50 


80 Degrees. 


+ 


Sine 


389.223 


9.217 


3 9+ 9940031 
3119.218363[9-9939811c 
329.2191 1699.99396 


10.775618 
9.225150[10.774844 
3319-2 1986319.993939}9-225929{10.774071 
22061 $9.99391 819. 2267 


OO ——— ——_ 


3519-221 36719.99389019.227471110.77252 
3619-22211519.99387519.22823910.771761 
3719.22286119.993854[9.229007110.770993 
3.99383 29.229740. 770226 
26—22434%½ 8228128229“ 20 
2250929.9937 899.23 1302010. 768698 


10.7733 


.22583319.993768[9.232065 1 0-767935 


-22057319-9937449-232826[10.767174 


.22731119.99372519.233586[10.766414 


I. 22804819-993703[9.234345|10.765655 
99368119.235103 
-99306c[9.235859 
2302 529.9936389 230614 
23098419-99361619.237368 
49]-23171519-993594 9.235120 
.23244419+99357 219-2 38872 
993550[9-239622 
9.9935 2819-240371 
5319-23402519.99350719.241118 
54/9-23534N9-99348419-241865|10.758135 
55]9-23607319-99340219.24261010.757390 
$619-236795[9-99344019-243354[10.756646 
5719-23751 5PÞ-99341819-244097[19.755903 
5819-238235]9-993396[9-244839 
9-23895 3]9-993374[9-245579 
bolg 239670ſ9-993352}3,240319 


.22878 
22951 


51 „233 17 
5219-2338 


Sine 


10.764897 
10.764141 
10.763380 


10.762632 


10.761880 


10.761128 
10.769378 


10.7 59629 


10.758882 


10.755 161 
10.754421 
10.253681 


Tangent 


7 
e 
I 


10.7801 32427 
10.779382 20 


10. 006104 


10.782391 
10.780884 


10.77 8633 


10.777885]24 


10.777139[2 
10.006108 105839 
10.006189 10.775651 


10. oo 11110. 774905 


10. 00523 2010.774167 
10. 006254.10. 773427 
10. 006275010. 772089 
10. 06297 10.719521 
10.006319 10.771216 
10.006340 
10 006362 
10 006384 
10. 06400 
10.000428 


10. 006472 10.766101 
10. 0649310. 765375 
10.0065 16 
10.006538 
10.006560 
10.006582 
10. 06004 
10.006626 
10.006648 


2 


10.764051 


80 Degrees. 


| 


10. 77048 1014 


a 4 W —_—— oo 
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—＋ ET; Ran LO 


| 10 Bagels, 


28 
39 241814 99328 


.24405013.993195; 
245303 3.993172 


== 
oa 
ne 
ND 
TA 
00 
00 
00 
2 
S 
\S 
wa 
0 
wu 


— 


250980 992990 
5.25 1677.992967 


89.252373 9.99294. 


1of9 25300719.99292: 


29.255144 99285 
23.255834 99282 
24% 2565 3.992800 


9.2572119.99278; 


2592689992713 
9.25995 10 992680 


25 
26 
79.258583. 992730 
28 
29 
2.26063 319.99 266: 


| | Sine 


. 
999337 
19.2403 869.9933 20 


8 c 9.261578 


9.257898 99275 


9.247794 
419 24853000. 75 470 


9.24920 


10. 752200] 


10.5073 


9. 9.25725 

9.25799 
9.25871 
9.259425 
9. 260140 


3.26086: 


3.202292 
9.263005 
3.263717 
5.20442 [10.7 
5.265 135 
9.26584; 
9.206555 
9. 26726 


26796; 


9. 24999810. 750007 
75 250/3010. 749270 
9.251461110.748539 
5. 25219110.747809 
5 25292 10 7 od 
[9.253648[10.746352 
9.254374 10.745626 
19 255 looo. 744900] 
12.255824[10, 744176] 
2:256547[10.743453 


10. 74273 
10. 74201 
10.741290 
0.74057. 
0.39685 
[0.73913 

10.73842 2 
10 737705 


0.736995 
10.230283 


10. 735572 
10.734862 
10.734153 
0.733445 
(0.732739 
10.732033 


3 


0 


Secant 
p 
[zo 68640 


310. 006671 


10.006693 


10.0067 16 


10.006738 


10.006750 
10.006783 
10. 06805 
10.096828 


10.006851 10:75 


10 006873 
10 00689 


10. 00691 


10. Holy 107511 
569540. Fog! 


10 10.0069 
io. oo 


(0.007010[10. 


0.007033 
10.007056 


10 007079 


10,007 102 
10.007125 
10.007 148 


10 007171] 


0.007194 
10 007217 
[0.007241 
10.007 204 
10.007287 
0. 07311 
io 007334 


* 
* 


10.746235 


10.7458 
10 7448356 

10. 74416015 
—2 NE 
10. 74278556 
10.742 102 
10.741475 
10.740732 
10. 74004 
G— 


Sen 


- 1 


79 Degrees. 


—— — 


389. 26605 19.992478 
399.2667 2319-99245 4 


— — 


0 


— 
ͤ— — A 


10 Degrees. 


3| Sine | - 
1 
300 26063 309.9920606 


319.2613 1449.992643 
32{9.261994]9.99201 


3519. 20402019.99254 
369. 204 70319-992525 
3719.20537719-992501 


$019,267 39519499 2430 
4119.26806519:992400 
4 29.2687 3419992352 
43]-26940219-99235* 
449-27 9200919-992335 
1519-2707 3519+99231 1 
4649 27 140019.992257 
1 27206319.992203 
89 27272619+992235 
6919 27 33 8819-99221 4 
5019-27 4049194992199 
5119 27470819.992166 

9.275367 9.992142 
9.27602419-992117 
9. 27668 10.99 2093 
3-27 73371992009 
3-27 799113-992044 
9.27804419-992920 
279297 .991990 
92799489.99197 
280599 991947 


53 
55 
56 
57 
58 
59 


50 


Sine 


339.2626730 9925969. 2700 
34/9 26335119 99257219.27077 


l 
| 


Tang. 


3.267967 
9.268671 
9.209375 


— — — — 


10.732033 
10.731329 
10.730025 
10.729923 
10.729221 


9-271479110.728521 


9-274964[10.725030 
9-275658|10.724342 
9-270351110.723649 
9.277043110.722957 
3.2777 34|10.742206 
9.278424[10.721576 
9-279113 
} 279801 
9.280488 
3.281174 
9.281858 
9.282542 
9283225 
3.283907 
9.284588 
9.285268 
7488377 
3.286024 
3.287301 


3.287977 
}. 28805 2 


10.718826 
10.718142 
10717458 
10.7 16775 
10.716093 
10.715412 
10.714732 
10.714053 
10.713376 


10 71 2699] 
10.712023 


10.711348 


Tangent 


— —— — 


10.007 381 


10.007404 
10.007428 


18.007451 


19.00754619:73327; 
| 


10.720887110.007713 
10.7201 99110 007737 
10 7195 120¹0 007762 
10.co7786 


10. 07810 
10.007834 
10.007858 
10.007883 
10.007907 
10. 07931 
10. oog 
10.007980 
10. 08004 
[0.008029 
10.00805 3 


Secant 


10.007 334 
10.0073 57 


10.73604 


10.725951 Tl 
| 


— 


10.7 22000 
10.7213 FC 
10,72070; 
10.720052 
10,719401 


Ales 


„ 


Secant 


S hmmRN | o 


79 Degrees. 


ͤ»„ä—— 


ö * — — x X — 
( 460 ) A Table of Artificial Sines, 
11 Degrees. 
| ö Sine Tang. Secant 


99. 2805999. 9919479. 2886520. 11348010. 00805 3010. 7 19401 
119.281 24819.991922[3.289326[10.710674|10.008078[10.7 18754059 
219. 28189719.991 89719. 28999910. 1000110. oo8 16g. 7 18 10,0 
319-28254419-991 87313 29067 1þ10.709329|10.008127[10.717456j7 
9.28319001999184519.291342[10.708658[10.0081 52|10.716819; 

4 


10. 
50.283836 9.99 182309. 292013 5 — 10.7101 
a 28715 9.99 1799) 29268200. 707318 
9. 2851249.99 17740). 2933 500.0665010. 008226010 71487 
89. 2857609. 99 174%. 29401 70. 70598310 09825 100. 71423 
99.286408. 99 1724. 294684110. 705 31610. 00827610. 71359 
9. 2870489. 99 16999. 29534910. 70465 110. oo8 30110. 1295 
119.2876870. 9916749. 296013010. 70398710 008326010. 71231 
129.2883 269.991 6499.296677 0.703 323010. 00835 110. 71167 
139.2889649. 991624). 297339010. 70266110. 00837610 71103 
11 419-28960c[9+4991 5999. 20800110. 70199910. 00840110. 7 104 
15.290230. 991574½. 29866210. 701338010. oo8 42610. 09 
169.2908709. 991 54919-2993 22110.700078[t0.008451[10.70913<, 
7. 291 50419-991 524[3-29998c[10.700020[t0.008476|10.70849t,; 
189.2921379. 9914989. 30063 810. 6993621 o. oo8 50210. 70) dog 
92. 20276819.99147 309.301 29510. 598705. 0085 27110.707232]p 
2000. 293 399.9. 99 144809. 30195 1010. 598049 10.0085 510 5 
. 9.294029. 99 1423. 3026010. 697393 
8 2 


J 
: 


f _ 
1 


29 10. 0857710. 7059705 
2.29465 89.99 1397.9. 303261010 696739110.008603|10 705340 
239.295286. 99137200. 30391410. 6950860 008628|10.704714];7 

- [249-295913 9.991346) 304560 t0.695433110.008654|10.704087 
2519. 296539]-9943219.305218[10.694782|t0 008679)10.703401l;; 
2619.297 164.991 29519-305869110.694131[10.008705|10.70283, 
12719-29778519.99127019.306515110.693481110.008730[10.70221;]1 
2819.29841219-99124419-307167[10.6928331t0.00875610.701 588 
2919. 29903 40.991218 9.307815 i0.692185|10.008782|10.7 
30 — .091193 308463 10.691537 Io 008307 to. 700345 


Tangent I Secant 


- — - 


— — 


3 — 


. — 


1 — 8 —- ——— 


— — —— 


Sine 


* 3 


—- > 5 „ Ig +: 
- — 


3 


78 Degrees. 


9.306430 9.99090 
9.30704 15.9988 
9.306509. 99085 59.316795 


9. 3058 199.9909349. 31488510. 685115 
315523110.084477 


9.308867! 3-9998031g. 31 8064 
619.309474[9-99077 719-3 1 8697 
9.310050. 990) 50jg. 

31068 59.9907 24%. 319901 


31015 


321222 
321851 | 
990618. 32247910. 677 5 98.686903 g 

5 10.676894|10.009409 
10.670267]1 0.609435 


$519-31489613.9905 38 1324356 
{5919-31 549519-9905 1113-3 24993 
6092.990485 · 325007 
6688). 9904557 ·32023c 
9.317284. 99043 ˙3 26853 
9-31787c[1.99040-[9+327474| 


Sine 


10.683841 
10.683 205 


10.682570 
10. 58 1936 


10.681303 
10.680071 


10. 680039 
10.579408 


10.009040 


10.,009000 
1 09009092 
10.009118 
10.009145 


1205912 


10.009197 
10.009223 


10.0092 50 
10.009270 


— 


10. 78778 10.009329 
10. 67 8 14910. 0093 50 


0.67564 
10.675017 
10.674393 
10.573770 


10.673147 
— 


Tangent 


10. 009480 


18. 009569 


10009462 


10.009515 
—— 


19009596 


78 Degrees. 


——_— 


10,691741 


mud | = 


] 


„ 


— 
8 


Foy „ rr — CES 


A Arai Sc = 
_ Degrees. n 


10. Z TZI 

10.009623(10-681 527, 

10.009649]10 680934 ct 
10,009676[10,6803 42 57 
10.009703. 10.5797ʃ15 56 
10.0097 30ſ10. 10.07916c|: 7 
10,0097 57 t. 578 
10.009785 10. 77981; {| 
(10.009812]10.677393] 5 
10.0098 zc 10. 0806, 

io. ooh. aN 
10.009893[10.07563, 

10,009921 10,67 5039, 
10,009948}10.07 440614: 
10,00997 5110.67388z b 


55888 
I 990377 


9.327474 

328095 
9.990351 83287130 
9.9903 24.329334 
23224. 27.329939. 


o. 0.672526 | 
19.671905 
10.671285 
10. 670660 
10.670047 


— ſ — —— 


0.669439]10.0c 
10.608813 


10.658197 
10.667582 
10.666967 


Lecce ttf 

0.665741 
10.665 129 
10.6645 18 
10. 66907 


9-9902709.330570¹⁰ 
990243 9•331 187 
79.322019 9.990215 9.331803 
89.322607. 9901 8809.332418 
2-990161/9.333033 


9.990134. 33364 
9.99010 933425901 
9. 9900799. 334871 
9- 9900529. 335482 
9.990025 9.336093 


139.3253534 
14 9.226117 


9.989997 9.336703 336702 


10.663 298 3298 


9.9 999709. 337311 
9.989942 9.337919 


10.662689 
10.662081 


10.010003 
10.010030 
10,01005 


10.57 3300 
10.672719 
10.672 13805 


9. 909905 9: 338527110.661473 
2989887 9.339133]10.660867 
9 989860 g, 3397 39]10,660261 
9-989832 96340344 10,659656 
4 9. 34094810. 659052 
9.989777 9.345520. 65844 
9.989749 9.3421 55010. 57845 
10.657243 
10.656642 
c. 656042 
10.655442 
10.654843 


10.654245 


10.67 155 N04 
10.67097941 


10.670401/je 10 
10.669824 35 
10. 6692475 
10.102231 0. 66867453) 
10.010251010.00 .6080971zt| 


189010279 
10, 010307 
10.010335 
10.0130 
10.010391 
10.010419 


— — — 


10.010085 
10.010113 
10.010140 
10.010168 
10.010196 


2.32902 


2009. 329599 
2109.330170 
229.3307529 
239 331325 
42.331003 
259.3324789. 
2619.3339519- 
279.3336240. 
2809.334195). 
299.3347 6ʃ 
3049.335337 


— — — ͥ ↄ¶— 1 —— 
S 
— „ = 


TT —— —¾—- ER 


10.666949 
t 0.60637 
10.665 80 
10.665 234 
10.564083 63 


3 = —ͤ— 


3-989 55 345157 
9.98958 2895810345785 


— — 


Secant 


Sine Tangent 


| 


— 


25-4 wow 


A 4 3 2 — nr—_ * 
"7 _ — 7 — * . Is oO r — — — 


77 Degrees. 


W 


— 


oy ”" 


9 - a. << otaokw 
|  Tangents, and Secants. 
= 
8 EE ia Degree | 


Tang. . 98112 


10,054245/110.010419]1t0. dg 8 5 
10,053047/10.010447|10.664094]z9 
L0.65305110,010475|10.6635 25/28 
319-3 3794319:93949719-347545[10.552455}10.0t0503)to.bbagg 7 
3.989469/9.448141 to,H5185910.010531]10., 10.66239 


98944119-343735| 10.651205 10,0105 sert, 
5338785˙355724935 10. 5067 ĩ 10.010587|10.661 25! 
N 284825 7275592 10.686007 — 
3*1.33987.119.98935 $:450g1410.649486 19.019644 
9 89328 9.35110610.648894! 10.010672 


400) 34099 959299 9.35169 351097 10,048303110.019701 
4119. 34155519-989271:9.352287 10.647713/100197 29 


-33533719-989581194345755 
g06[9-9895 5319-340353 
3214-33647 519-9895 251$-346945] 


hs 4 4 ene AT” 4 S * 


3513-33517 


10.639560 21 
10.659004[zc 
10.658442115 I 


TEE aA: + oEA,S ED... 2. --@4.. a 


J 343797 


7.989186 


9.989243 9.352876 
9. 9392149. 353465 
9.774053 


9. 9591 57 9 354040 


10.647124 


10.646535 


9.648947 
10.645 360 


10.010757 
10.010786 
10. 10.010814 


10. 10.010843' 


1069.344355 
6519, 98907119. 


9.988840 


—9891289˙355227 
9891009.355813 
356398 
1.08904 29.355982 
9 989014!9.357566 
13.988585{6.358145 
5.988950. 35873 
2 555 992209. 35931; 
N 288898 9. 9.35989: 


9. 798556553547 


9.301053 
1,98881119.361632 


213.9887 82[,.3622tc 


9.98875 319.362787 
088724 0.30330. 
— — 


Sine 


10.642434 10h 


10.644773 10.010872 
0.644187 10.010900 


10.657881 8 
10.687320 I 
19.556705 2 
16.656201 


10,6550881 3 


10.643602.10.010929 


10.654531 15 


10,643018 19.010995810.653976]r1 


10. 64185 1.10. 0101 ß 
10.641 209 1001 1044] 
10.640687{10.01 1073 
(0.640197; 0.01. 102 


10.6632 10 
10.652866 
10.65 231 f 
10.65 1760 7 
10.65120Y 6 


| 
is) 
10.655643 2 ] 
, 
1 


— — 


t0.639526,10,911131 


10.650075 


10. 63894710. ot 1160 


to. 538368 10.0 11189110. 6495 57 


| 


10.636 —3⁰ 10.011270 


——— —— 


Tangent 


10,637790,19.011218]10.64900t% 
to. 6 fe 01124710. 6484 


# 


10. 650 : 


2 


Sec ant 


a. — — — — — 
Ll 


ISN to — » wa 


1 hed 


77 Degrees. 


| |: 9.358004[9.98840 


219.363 4229.988 103 


A Table of Artificial Sines, 


—_— 
. 


bn Sha 


3.988724 


; 019.352088 


1 21$-35318119.988666[9.364516 


3 353726]9e988636(9. 365090 


| 69-3553589.988548/9.36681 
{ 719-35590119-98851919.307382 


. | $9-35644319.988489/9.307953 
9.368524110.63 1476 


919-35698419.988460 
11019.357524[9-988430/9.369094 
19.369663 
39.98837109.370231 


1209. 35860 


— Se tO * 


1779.361287.988223 9.3730 
1189.3618229.988 1939.373629 


9.375319 


1229.363954%.988073 9.375881 
1230.364485.98 8043 9.37644 
Z $ 


2519-36554019-98798319-377503 
2619.36607519-98795219.378123 
2719-366604[9.987922/9.378681 
2819.367132[9-98789219-379239 
2919.36765c19.987862'9.379797 
9.3681859.98783 100 380354 


— — 
363364 
119.35263519.98869519.363940 


12.636060 


| 
Secant 


10,01 T2700. 8479727 


10.63 5484 
10.634910 


L. 384271 .9880 099.3654010. 63433 10,011393[10.645729; 
I's 2.354815 9.988 57819. 360237110.633703[10.01 1422110.0451 85s; 


10.6331 
10.632618 


10.632047 


10.630906 
10.630337 


.z36501619.988013'9.377003 


10.629769 
10.629201 


10.628633 


—— —— 


10.622437 
10.621877 
10.621319 


Tangen 


Sine 


10.620761 10.012 108 
10. 620203ʃ10.012138 
10. 61954610. 012169010. 6318150. 


10. 01 1334010 646819 
10,01 136410. 646254) 


10.01 1305.0. 647365 ; 
6 


10.01 145200. 6446454 
10.01 1481010. 644 ⁰ gf; 
10.01 151 10. 64355756 
1.01154 10.64 3010,61 
10.01 1570010. 64παν e 
10.011599 10.64 19300 
[10.01 1629010. 641397140 
10.0 1165810. 6408 fg 
10.01 168810. 6403 1% 


— — — — — 


10.511718 10.639755 


b *. >. <> ———————rv5vðri3 — 


% 


10.011807 
10,011837110.637644)41 
10,011867[10.63711114c 
10.01 1897/10. 6365759 
63604 


10.0119570. 63551567 
10.63 498401 


10. 01207810. 6333905 
10. 63286 
10.532341 


j 
2 


2 
Secant : 
[4] 


76 Degrees. 


1 


—_— 


— 
— — 


31 


3 


.36818519.987831 
36871119.98780r 
3219.36923t[9.987771 
33]9-3097 0119-9877 4c 
9.37028519.9877 1019-382575110.617424 
3519 370805. 9876799483 129/10.61687 110012321 


13 Degrees, 


9.38091 10.61q09c 


9.381465|10.61353 
332020ſ10.61795c 


.3713399.98764919.3836821[10.61631$Þ10.012351 


4 


3719-37185 219.98761819.384234 
3819.37237319-987 58819-38478 
37289419-987 55719 385337110.014663110.01 244: 10.627 10641 
9.37341419-987526]9 38588 
9-37 393319-9874 
9.37445219-987 40519-38698 
937497019 98743419-38753 
4419-37548719-987403[9.388084110.611916110.0' 
9.370003 9.9873729. 38803 1110.61 1 369Þ10.01 2022 


10.61 521 400.1241: 


10.014112110.01247% 
10.61 3562[10.01 250+ 
1061301 3ʃ10.01253. 


9.38643 


10.6011916110.01 259; 


3765 t9[9.98734119.389178/10.610822[10.012655 


Sine 


4 


6.391953 


479.377035.9873 10% 3897240 Go 10.01 z6gc 
4819-377 54919957 27919-39027 
4919.37 8093Þ-987 24819. 39081 5j10.6091 85 10.01275. 
37857719-98721719.391 359110.60864 1[t0.01 2783[t0.621423)5c 
. 379059 9.9871 80 5 
5219.37960119.9871 5519. 39244710. 60755310. 01284 
5319-3801 13.987 124.3929 
54]9-3806: 4[3.98709219-393531 
599-3811 3413.98706119.394073 
9.987030 394614110:605386[10.01 2974 
9.986998) 395 154.10 604846 0.01 300. 
5.986907 395609310 604307510.01 303; 
*13-98093019. 396233 
2.98590 


i0.609730[10.01 272. 


10. 60809710. 012814 


10.60704 1]10.01287; 
16 fobgbgſth.0i agot 
10 603927]10.012936 


10.603767[10.01 306. 


9-390771]+0 603229910 0130gt 


Tangent 


| 


9-380354|10.619640 10,012169 10.6; 


10.012169 10.63 181; 
10.012199 10.63 1280125 
10.012229 10.630641 
10.012260|10.63023c|27 


10.012290|10.629715 


10 b1576CGt0.012382110.628148]23 


30 


10.629192 
10. 528670 ” 


10.627627[22 


10.626006 IC 
10.625548|118 


10.612464 10.01 255 {10.62503c 17 | 


t0.623997|1 5 
10.62348111 4 


10 62296511; 
10.02245H12 


10.620911 
to. 620399 
10 619887 
10 619376 
10.01 8806 
1 0.618357 
10.61 784.8]. 
10,617340 
10.616832 
10.616325 


1228 £ 


1 


Secant - 


76 Degrees. 


H h 


(0.62658 rol 


10.621937)11þ 


smurf & 3 


* 


5 95 

1 189. 38418109. 98687300. 397 309.1 0. 60269 10 013127J1.61 681950 
29.384687 986841 397840|10,602154 1001315910.615313 69 
385 192.9868099 39838310. 601617 
5979.986728 398919110.001081110.013222[10,614303]5 


98674600. 10.600545]10.013254/10.61 
938674 —— 8 1613280 . lt 
10.013317ʃ¹0 612793151 
blo 387709 9.98065 1;9-401058 10.598942 0.01 3349] 
9866199 401591110.598409|10-01 3381 
| (0.597876 10.013413 
19.597344|10.013445 
.986523'9.403187110.59681310.013477 
986491 9.4037 1810 55628210 v1 3509 
9.986459 940424910. 7 10.60929: 
9 986427 9.404778. 595222 10.013573 
9.586395 9 405308[10.594692|10.013605 


1 


1 


3 
4 


"7.466 ) A Table of Artificial Sines, 1 


r 


3 D 
, P 


/19- 


19 


$1910. 39319019.986299 9.406892 


O. 


/ = 
I io 


391 206 


391793 


6683 9.4005 24 10 599476 


rr — ; —— * TE: —  — 
2 14 Degrees. 
R * — T — 
8 | 
Sine | Tang. Secant 
:383675]9.98690419-39077 1[10.603225110 613090j10.616325/6 


10.01319i[10 61480hj57 


-354179]9-986234 9-407945 


819.9861 37 9.409521 


39811119.985974/9-412137 
609.3 — 228824242558 


392199 9.986363 9 405836 
392695 9.980331 9.406364 


3936859.980266 9.407419 


394673 9.986202 9.408471 
86169 9.408997 


986104 9.410045 
. 9860 9 410569 
39713219.986039 9.411092 
986007 9.411615 


Sine 


10.500479 10.013863 


10.594164 10 013637 
10. 593636. 10.01 3069 
10.893105 10.01 3701; 


10.59258110.013734 
10.59205 510.01 3766 
10.591529 10 013798 
10.591003'10,01 3331 


10458995 f 10. ol 3890 
10.589431/10,013928 
10. 588908 0.013901 
10.588385 10.013993 
10.587863/10,01 4026| 


. 


10.587342 10,014058 


Tangent 


5 


I 3290 $4 


10.61 2291152] 
10,61 179051 
10.611 28915 
10.61 0789\46 
10.610801 


10.0073091[4 
10.60681c[41 


10 606315 

t0.605821139 
10.605327136 
10.604834[37 
10.604 342130 
l10.60385935 
10.6033 59134 
10.6028011z3 
10. 6023755 
10.601 58903 
10.601 f; 


— — - 


— 
Secant [3 
f 


* 


75 Degrees. | 


= 


—_ 


3 


45 
46 


* 955447420415 


AD. N 422403 
408 54-985 28009. 422973 


e 9.421951 


9.4087 3119.98524719.423484 


9.40920719.98521319.423993 
9.40908219.98518019.424503 


110.01 428: 


10.01 


— — — — 1 — 


$110.01438 
10.01 442 


— — 


10.601 4oc}zoþ 


10.597995}z23þ 
0.01432 10. 59751102 
$419.59702Y21 
10.5965 45}26 
10.590002115 
10.0144531'9.595580[18 


— 


— 


10. 5800 ¹ο. 4487 0.59509 


10. 57958510. 014553 
10. 57907 0.014580 
10.5785. 
10. 57804910. 01465 
10,57753710.01468c 
10.577027110.01472 
10.570516110.01475 
10.576007110.014787 


941015712 98514019.425071 
9.41063219.985t1219.425519 


9-411 57919-98504519.42653 
.41 2052[9.98501116 427041 


9-41 1100.985079 426027110.573973110,014921 


10.574481]r0.01488 


10.573400[r0.014955 


t0.572955h10.014989 


9.594137 


10.593659 


19.588421 
10.587948 


10,580099 10.0145 10.594618[16 


5919-41 2524[9.98497 819.42754710.572453|t0.0r5022.10.587470 
6019.41 299' 9.98494: 9. 28052010. 571945 10 015050 10. 58 
Sine Tangent Secant 
ee [ 
75 Degrees. 


HS © 


WY 
— 
we) 
» 
co 
JI 
oO 
© 
> 
\O' 
— 
bY 
N 
9 
Wn 
Wn 
SJ 


| | 10.570434j10.015k5 
41941487 819.95480814. 435070110. 56993910.01 5192 
519.41 534719-98477419-430573/10.569427,10.01 5224 
59.415815 98474<[9.431075|10.568925]ro.o1 526c 
- 719.41628319-98470619.431 577 
819.41 675119-98467 213 432079 
 99.41721719-98463719.43258 
70.477069 98480; 9.4330 
179.4181499. 98456943358 
12.418615. 9845354340 
139.4190799. 984500943457 


10.162420 10.018303 
10.566920 10.01 539) 
10. 5664 20 10.015431 
10.565920 10.015405 
10. 56542110. 01 5500 


1 $19.420007[9.98443219-435570[10.504424 10.01 5508 
1619. 42047c[9-98439719-430073 10.503927,10.01 5603 
1719-42093319-984363[3-436570|10.563430,10.015637 
189.421395[9-984328[9-437007|10.56293z/10,015672 


- [20j9.42231819.98425919 438059;10.561941 10.015741 
2119.42277819.98422419-435554{10.561446|10.015776 
22/9.42323819.984189[9.439048;10.560952jt0.01 5811 
123/9-42369719-9841 5519-439543[10.560457/10.015845 
2419 42415619 9841 2019 440036 10 559964110.01 5380 
259.4240 50.984085 9.440529 10.559470. o 5915 
269.4250 30.984050 9.441022 10.5589 8.10.01 5950 
27.425530 98401 55.441514 10.5 5848610.015985 
2819.42598713.98398119.442006 10.5 5799410. 016019 
200.4204430 983946[3.447497 10.557503]10.016054 
3219.4 268991) 98391 1.442988 10 557012/10 016090 
Sine {Tangent 


— — 


10 568423010. 015294 
10.507921 10.015328 


9 5.421 85719.98429319-437563 10.562437 10.015707 


c 9772995 9:9849441}9.428052[10.57194 15.01 9856 46.587050. oc 
10 57144310. 01 500. 586533456 
10.570935|10.015124[10.58606 


1419.419544 9.98446019-435078j10 564922 [0.015534 | 


10.577222 4 
10.576762 


—_ ll... 


— Þ - oo A_w_s — . — 


74 Degrees. 


th. tt. HC 
4 


_ 


+ 


—ü— m = 


_— 


3 > 


— — 
- 


+ 


* 


— 


3.983910 
3 983875 
3.983 84c 


3219. 427809 


o 
. 
: * * 2 
# . - " - 
= 
. * CO ITY : 
1 —— 2 — — — * * 
— — 
_ — — « 
4 1 
—— nr TEIAE 
* 


Tang. 


3. 442955[10.557012 


443479 
9.443968 


+519 4341 2219.983345 
|? 3.43456919.983309 


3 


330.4282630) 983805 
349.4287 177. 983220 
3519-42917 013-9837 355-5435 
369.4296230. 98370 99.445923 
[3719-43007 519.983664[9-44941t 1 
138]9.43052719.983925 


9 444458 
9.444947 


9.440898 


9:449810 


9.450294 


9457019 
9 2 


N. 


: 


4 


10.016090 


10.556032[10.016160 


10.555542 


—_— —— 


10.554565110.016265 10.57083c 


10.554077[10.016 


10.553102110.016371 
| 19.552616[10.01640! 


991.5571) 10.016442 


Secant 


— — — 


10.016477 


10.54393 0.017050 


10.54345%110.017085C 
10.542981110.017122 


10.542504 10 017158 


Tange 


10.016190. 871737 
10.555053[10.016230[10.571283 


10.573101 
10.5 5652 101612510. 57264 


10.572191 


A 
0.500544 
10. 5501 oz 


— 


Secant 


74 Degrees. 


Hh 3 


A Tabte of Arrificial Sins,” 
| 9 
— — eee 
5 «9h — 0 
16 Degrees. 
rn £ 3. FA 


- | Tang. | || Secant 


. 


05-440330[9-95 4542191457496 10.542504|1b.or71 52 
9 4407 7519-982839519.457973 10:542027Nto0.017195 
0.441 21819-98276919.458449 10;541551 ei 
15.4416589.98273 458925 10:541075 10.172070 
_ 419.44 209619-982690[9.4 10.54 10.017304 
[7 044253; 253519-982660 459875 10.540125 10:01734 
15.829730 349/19-53905 


10.538703]t0:017449 
28419-9825 14 40177010. 38230[19.017480 
$10/9:44472 q62242 10.53775810.017523 10.558280 

1.45 £5 5]9-982441 4627 14/10 $37286 10.017559}10:554845 
1219 445590[9-982404 9.463180/10.5360814 017590 10.554410 
1139.446502 5,9823679. 46365810. 5 36342 0.017033 1.88397 5 
4145.848459 782337464128 10.535872 10.01306gſto.5 53541 10 


46893 9.982294 9.454599 f. $35401,10.017700[10.553107 
2019.982257|9:465069/10.534931/10.017743|10.55267 
A479 719982220 9:463539,19.534401 10.01 77801055224 1143 
10.44819119-982183]9 400008 10.533992 10. 0178 170. 551809]42 
309.9821409 46047510. 533524 10.017854[10.551377141 
9.582109. 4569 4510.533055 10.,01759t|10:55094 ic 
467413010. 53257 10 017928. 5 F059 
998203 5.467880 eee ee, 3 
3.98199519:468347110.531653'10.018002{10 549655147 
2419-45077 5/9001 6119.468814/10:531 190/10.01803g)10.5452%5180 
. 461 204/9.98192419.469280[10.530720/10.045070{10:548796 
71 726.58788 8 10 383 10.018114/ 0.548368“; 
45205009 9818499. 470110 0.5 29789010. 01818100 547940 
470670610. 5293 24/t 0.018 1860T0. 54751 
; 29 3.45291 5]9:981774 9:471141]10.5 28859 10. 0182260547085 31 
13013-45334219:981737 3:47 1605110 528395 io.o18263110.54665 


7 Sine Tangen 


| — 1 — 


73 Degrees. 
7 — 


8 22 5 0 


547851) 


45 459085 8 ry 17 
9.478975 


4009 460 1089.98 1133 
71.460527. 98 1095 
48 9.460940( 981957 


—— 


536.400 8.5 5 
54 463448 9.98082713.482021 


55[3-463864]9.9807 8: 
50 464279 9.98075 
9.464694 9807129. 4 
5 465 10 9.980973 | 
59] 46552219.98063 513 48455, | 
501.46593519.98059! 


— 


| 


10. 10.521483 10.01 B82 

10.52 1025 10.018807 
210.5205010 18905 
10.5 20141010 018943 


10.51 9055 19.01 8981 


10. 519199 10 019020 
10.518743 10019058 


10. 518283 10 019094 


f Sine | Tang. Secant 
21 9-453342 5110-52839, [10.01826; 
o6s|to.52793: [10.018301| 
10 52740t[10.048338 
10 $3700;}10.048375 
04413-981 58719.473457[19-520543[10.018413 
3519-45 5409.981549. 0. 52608 10.018451 
3619-45 8939-98154 10.525619/10.048488 
719-4503 1639 98147 $7484: t0.525158/10.01852 
389.4567 3913-981 430}9-475303[10.53469710.018564[10.5 43261 
20900 457162 9,981 399f9-47 5763110.524237|t0.018601h10 gge$3zs 
5194457 584 2.981 36, 470223 10. 523777 10.01 863 10.5424it 
100.4580069. 98323 476683{10.523317|10.01 8677510. 541994}! 
| . 59. 477142010. 5228581017150. 5841673 
1 Rs 47.52 23990. 0187531 0.541152 
3-47805910.521944}10 0.018791 10.5432 


10.547 
1,5398928 
539479 


9060 
10.538030 a 


10.019020|10.538248] 
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220.580392.966033 9.614359 10.385641 
230.5 80599 9326794998755 18 . ö 
9.581005 9.61 $077]10-384923110;034072[10-4 
25 507570 95587688435 10.3845051[10,034124 136 
16 9.58161 89.965824 9.61 5679302384207 10,03417tj10.418384]3 
:719 5819249657729. 618615110. 38384910. 034228010. 418% cf; 
289.5822290. 9657 209.6165090. 383491 10. 034280 10. 4% if: 
1299.582535 .965668 9.616860. 383 133010.534332 70.41 7468151 
9.582840 905615'9g 517224 10. 382770 10.034385 
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019.5525 
f 7333 1455 965 5630.617582 10. 3824181003443) 10.416855 
3209 58344999655 11.617939. 3820010. 03 44 59 ft0 41655108 
3309.583754 95545 7.518 29510 381705110.034542[10.416246]27 
3495840 
359.88439ʃ 
3*19.534065[9.96530119-619365|10.330035|ro,034699ſ10.415335 
3719-53496819 965 248 9.619721/10.38027 


[4519-58738 


4713-58798819.9647 19]9.023269 10-376731110.035281[10.412012[13] 
145[9-588289]9.964666 9.023623/10-370377 10.035334]10.411711 
40% 5388590/9.964613[9.623976\10.376024[to.035387/10.411410 


5 319-5897 8919-96440019-62538 10.374012 10.0356 doj10. 415211] 7 
$4Þ-59008819964347]p:525741119:37425910.03565[10.40991 2] & 
55Þ-59038719-964294(9.026093110.373907/10.03570:110.409613] J 
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5 719-599984 
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— — —— — 


965353[3-519008[10.380992110.034647|10.41 5639 


10.034752110. 415032123 


3819.5 8527219.955 19519+020076 10.3799c<4110.034305|10.41 472522 
3919. 585574199651 43]9:520432119.379595|10.03485 7410 414426[21 
09. 5858779. 965090 9.620787 10.379213 10.03491c110 414123120 
419.5801 809 965037[3+621 142/10.378855|10.034963[10.413820[19 
4219.5 864.8 29.964984. 521497 10.378500. 03 501611041 351818 
4319.58678419-964931 9.62185210.378143 10. oʒ 506910. 41321601 
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23 Degrees,” ind 


309. 592770 
42 593067 903811 


| 579.5933639. 903757 
619-59305919.963704 
-719-59395 519-963050 
89.589425 109.963 590 
©019:59454719-963 542 
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by .964026]9. * 2 
396397200. 626203 
3-90391519.028554 
903 85.628905 
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19.371797 
10.371446 
10.371095 
10.370745 
10.370394 


629255 
9.629606 
9 629956 
9.63030 
9.63065 
9.631005 10.368995 


10. 369594 


109.5948429 983488 
119.595 1379.963434 
120.595 43 209 963379 
1 319-595 72719-903325 
[:4/9-59602119.963271 
1519-5963 1519.963217 
t 6{3.59660919.963 162 
[17]9-59690319-90310 
963054 
74909. 952999 
9962945 
9. 962890 
9.962830 
9. 2 
24.828952 902727; 


2519-599244[9 962672 


89.633795 
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9.5313 354 10,368646|7c 
9.63 170410. 368 296 
9.63 20530. 367947 
9.632401 
9.632780 
9.633098 
9.033447[10:366553 
10. 366205 


10.365857 


9.634ʃ43 
2 634400 
9.634838 
9 635185 
9.035532 
[9.635879 
. 636226010 
9535572 
9.636918 


10. 365 162 
10.364815 
10.364458 
10.364121 


10. 363428 
0. 363082 
0.362735 
10.362389 
10.362044 
10.361698 
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Tangent 


10. 370044 
10.369344 


10, 367599 
10.357250 
10.366902 10.0 


10.365510 


0.303774/10, 10.40104] 


10,036r wg 9.406933 : 


10.036404[t0.405749]52] 
10.036458 10.405453151] 
10.0365121[10,405 -158 5c 
10. 03655610. 404863149 
10.0365 Zz 110. 404568048 
10.036675110.404273]47] 
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8110. 403391 
9210. 40309) 
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10.4025 1004. 
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3 0 601 280 
339.6001570 


340. 601 860] 


35 9. 602149 


3090.602439 


37. 60272 
389. 003017 
39 5.603305 
4000˙003 594 
603882 
4216 .60417c 


601457 


4409.604745 
156 555035 
4609. 605319 
479.05 
489.605 89 
49 000179 
50 9.606465 
5119.60075, 
5209. 607036 
539. 607324 
54]: 
55 9. 88775 
509.508 176 
579 6084b 1 
586 605885 
599. 909025 
599.5093193 
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9.962398 
9.962343 
9.902288 
9.96223 3| 
9.962178 
9.962123 
9.96200; 

9.962012 


9.961957 
9.961902| 
9.961846 
9.901791 


9.961735 
9 9616>c 


9.961624 


9.901509 
9.961513 
3.961455 
} 9601402 

292346 
9.901290 
3.961235 
9961179 


9.9611239.645799 
3.96106 2.646540] 
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9.038302 
9.038047 
9.038992 
9.039337 
9.039082 
9,040027 
9.040371 
9.049710 
g. 041000 
9 041404 


9.042091 
9.642434 
9.042777 
9.043120 
9043403 
9.043800 
9.044148 
9.644490 
9.044832 


9 645174) 


9.645510 
645857 


9.951011 9545681 
9. 929955 9.047222 
9.960899 9 647562 
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10.351695 
10.361353 
10 360100d 
10. 360663 
10.360318 


10.359973 
10.359629 
10 359284 
10.358940 
10.358596 
10.358253 
10.357909 
10.357500 
10.357223“ 
tO. 0.356880 
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10.356194 
10 355852 
10.355510 
10.355108 
10.354825 
10.354484 
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10.353400 
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10.352778 
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10.351757 
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10.037502 


1003705, 
10.037712 
10.03776; |. 
10.03782+] 
1003787, 
(0.03793; 
10 037087 
10.038043 
10.03 809 
10.0381 5 4010 


10.03820q 


10.038205 
10.038320 
10. 10.038370 
10. 10.038431 
10.03 848 


10. 03854. 


10 038598 
10. 0.035054 
10.038710 
10. 03870, 
10.03 882 

10.038877 


19. 0.038933 


(0 39930c 
10. 39901 
tO 3y872C 


-0.39®43C}z 


10. 9.398140 
40.397851 
10.397501 
10. 39727. 
10.396983 


910.3956953 
to. 395406 


10.395118 
10.395830 
10.395513 
10.398285 
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10.394081 
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10.39410 
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10.393535 
10.393249 


[ 


10.392964 
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10.039045 10.391 
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9.0093 139.9007 309.648 58 

109 60959;[9-960074{9.64892 z 
.609880[9.90051 819.649 263 
319.610163[9.96056119.64960z 
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| 519.6107 2919-9604481[9.650281 
61101 29.960392. 050020 
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10.350398110.039439 
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10.349719 10.039552 
10 3493 8010.039060 
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10.348364 10039728 


5.512140 9601609. 65 . 10.039834 


61242 10.960109 9.6523 12010 347688 10.0398. 
29.612702 9.96005 209.65 265010. 347350 10.039945 
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1} ie 613825 9.959825 9.6540 10.340000 10.040175 
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922.4882288 38.811449 10 040347 
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.61661619.95925319.65736410.34263t' 
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10. 387 R800 
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10.386175 
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10.384777 
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10.384219 
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4209.621038 
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471$ 62 2409 
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9.623229 
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01772719.95802319.658704 


9.659039 


9.958445]9 652043 
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9.9583 2919.662709 
9 95827 10.663042 


395915419.663707 
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9.9580 819.604 37 1 
4800 622682) 95803809. 65552 
9.957921. 665035 
9.9578039.6653 66 
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10 335629 10. wag 10 377591 
10.335297 10. 042021110.377316 
10.334905110.042079110-377044], 
10.334634[10,0421 3710-37077 
10.334303[10.04219t110.37049 

10.333971110.042254]10.37622 

10,333640110.042313/10-375953 
10.333309]19. (9.04257 3110-37568 
10.332979110.042430, 10.375409 
10.332648|10. 042489 10.375137 
10 33231810 042 548 10.374805 
10 3319870. 042600 1.374594 
10. 331057 10.042665 10.374323 
10 33132810 0427241037405. 
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219:629184[9-956566[9.672619 
119.62945 3]-95650019.072947 


g9.62649c[9:957 15819.0093 32 
9 626760]9.9570991g: 509581 
9527030 6270300. 974009. 2.559997 
9.6273 9956981 77580 
9.62757009.9569 22.570649 
9.627 8409.968029. 670977 

9.628 1099.956803 Light 
9. 628378 9.950744 9: 671634 
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9. 628916 9. 956625 9. 672291 
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0.3 306681 0.042842 
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10.3300C9110.04296c| 0. 
10.329680110. 043019]10.37270C 55 


10.3293 5 1010. 043078 
10.329023 10.043 138 
10. 328694 10.043 19) 
10. 28555 10. 2 


10. 725 10.033434 
10.327053 10.033494 


9.029721 


9.630524 
3 630792 
9 631059 
759.0313 20 
9.631593 
9.63185% 
5 632126 
2419 032392] 
59. 532555 
09.632923 
9.633189 
P. 033454 
9 033719 
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9.95044 ;19-673274110.326726 10.033853 


7 9. 6299899 9956387 9. 67360210. 320398 10. 043013 
9.630z5719-95632719.673929 


10. 326071010. 43673 
9.956208 67425710 325743,10.943732 
9.9502081g. 74878 10.325418010.043792 
92881485. 674919 10:325090 10.043852 
9-95608919.675237 10. erty 


9.95602919.675564 10.324430110'043971 
9.95590919. 675890 10 324110010. 044031 
9.95590919.676216 10 323784110,044091 
9 95584519 676543 10.323457110.044151 


9.95578919.676869 10. 323131 10.044211 


9.95 566919. 732910. 322480 10.044331 
9.955609. 677 846 10.3 2215401 0.044391 
9 95554819.678171110.321829110,04445: 
9 995547 1 678496 10 321504 19.6 
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10.37 24303 + 
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10. 371622 51 


10,371084[45 
10.37081614t 
10.370547]+ 
10.370279 K. 
10.370011145 


10.371353 


10.309743 
10.369470 
10.369 208042 
10. 36894101 
10. 36867440 
10. 36840739 
10.368 141035 


1328802 zl 
10. 300 35 


8 36685 35 
10.366281 31 
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3319-03477 
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—— ——— 


3519:93539 


3919 63636 


50Þ.-03924 


3513-0405 
5E19.64080 
5719-64106 


13219-634514[9-95530t 
995530709. 
63504219.95324713.6 
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5$]9-041 383 
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2 
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3719-63583 319-95500513-680708 
389 63609719 95500513.081092 


9954944 


40[9.63662319,95488319.65174c 
41 636880[9:95482319 682003 
4219.63714819:95476213.682380 
4319-63741119-954701 
4419-63767 319 954040Þ.083033 
4519-6379351995457913-083356 
45.638197.9545 18.683078 
475.63 845 89.954457 684001 
485.6387 209954396.084324 
409.63 8981 


335 


519.6395039. 954213 685 290 
520.6397649. 9541 529.6856012 
539.6400 4% 954090 0.685934 
54Þ-04028419954029 


9953968 
9.953906 
953845 
953783 
3953722 

95 366: 


—— —— | 


9.6801 20 
9 681416 


: 


9.682710 


3.634646 


9 680255 
2 686577 
9.086898 
9.687219 
9 087540 
3.087801 
3.683182 
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10.321 504 
10.3211 79 
10.320854 
10.320525 


10.319880 
10.319556 
10.319232 
10.318900 
10.3185 


103182 


0.317014 
10.317290 
10.316967 
10.310644 
10.316322 
2315999 
10 315070 
315344 
10.315032 
10.314710 
10.314388 
10.314060 
10.313745 
10.313423 
10.313102 
10 312761 
10.31 2400 
10.312139 
10.311818 


0 
9.317937 


10.0445 12 


(0.044572 
10.044032 
10.044693 
10 044753 
10.044814 
10.04487 

10.044935 
19.044995 
10.045050 
10,045117 
10.045177 
10.045238 
10.045299 
10.0453 0 
10.045421 
10.045482 


10.045543 


10.045 04 


10.045665 
10.0457 20 
10.045787 
10 045848 
10 045910 
10.046032 
10. 46094 
10.0401 55 
10.046217 
10.846278 
10 040340 


10. 30001 
10 36575 
10.365480 
10.365222 
10.3649 5 > 


10.304094 
10,304430 
10.364167 
10.353903 
ES 
10.303377 
10.3631 14 
10.362852 
10.362539 
10.362327 
10 362065 
10.361803 
10.361 542 
10.361 280 
10436101 


10.30075 


10.360231 


10. 359970 
10.359721 


10.3 59456 
10.359 19. 
10.358931. 
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Tang. Secant 


Sine | 
| — 641842 9.953 .0551 52 [0.311912 865370 EFT 55 
10.642 1009.95 35989. 6885010. 3114981 0 bie ey 


* 


209.6423609.953537,0888230 10. 311166630. 357540 
319.64261813-953475 523405 10.310857|10:046325[10.357382 
4 9.64287 9-95 341 319-299493110.310537|t10,0405870,35712 

| 519-6431 3519-953352.9-059783110.310217110,046648|1 0.35080; 

$19-643393[9-9532909 690103[12.309897[10.046710/t6.336b0 

719-64 3650.953228 9.690423 0. 30957 70.046772 10 356356 
819 6439080. 953 1669.690740 3092580. 68340 0.3 56892 
9 644165/9:9531049.691062110.308938|10,046896[10.35583 
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